My eae TO PS OA 2S em! ple a See 
ae Me > Vp Sad Cater 


fee mars ae 


ee ee ee ee 
= $ | IN THE UNIVERSE 


th 3) F 








IMAGINATION EMOTIONS MINDTRICKS EXPERIMENTS 












i ‘Be. th 
SVVIIIIIIIVIII44< 
SIV VIN 
AIVIVVIIS IVI 
hd RR 


———— aa al Seeeipeeneeeeeeel ———— eed ed —— ———— eed —————— a 


SVG a4 


RRR RRR RRR RRR ee 
Bn 
ie oe ok 
> i ie Ie i i i | RRak 
hi i i 


WIVVIVAVIVIIIa4 


i en en cnet ed 


hee eh i 


Daa RR RRR RRR BL 
be i Ie i i I 
<" i a hl SAR ARARS 
ape a dA Re 

be hs Dh fi a I ae ae 
QUI VVIIIN IY 
i i ~ 
» | 

a. 7 


















ry Add 


~ 
_ 
>», 
a. 
- 











SN 
a 





Abd 








VV Ir IV Vr rr rr 
rerrvrrvrerrrrrre 






















. i I I 
a SN SS bs. Dal NS 


14dAdd rry 


> 
| 
> | 
q 
—_ 





Welcome to 










INSIDE YOUR 





eR OOR LM CCIM MOT MONAT AMO EC PUREE MUO OR CII CHOE ROOD Taree eae) TeR eels 
HS NERO MCRL ae COMM OeR aS Ad RUN Ror a0) carted one ng are Da th 
that feel real and the thoughts that whizz through your mind, the brain 
controls itall. Centuries of study have yielded many answers to its countless 
mysteries. We know about the synapses and neurons that make up the brain, 
and leading surgeons can now map someone's brain and perform once 
impossible operations. But there is stillso much that we don't understand. 
Melia Mec MeL iSeR ICN Reems pr ieee ea Rime eR eM i VU se mera PRR cms) rere: 
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the world in a totally different way? In this book you'll explore some of the 
answers to these questions, chart the life of a pioneering neurosurgeon and 
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quest to understand the brain. 
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. Science of emotions 


+ How do we make memories? 
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o50 Whatis consciousness? 


o56 Why do we sleep and dream? 
o60 Science of listening to music 
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036 Howthe brain sees 


038 Facial recognition 
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Diseases of the brain 
10 famous experiments 


Psychopaths: mad or bad? 
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Brain technology 
22, Future of brain surgery 


The next steps in neuroscience 
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Evolution of the brain 
How do our brains develop? 


Left versus right 
Explaining the myth of the 
‘creative’ and the ‘logical’ brain 


Brain cells 

The key cells that enable your 
brain to function 

The blood-brain barrier 

Find out how this clever cranial 
cushion protects your brain while 
letting in the nutrients you need 
to survive 


The pituitary gland 
All bow to the master gland 


Self-cleaning brain 

When you go to sleep the brain is 
preparing for a major clean up 
Science of emotions 


Get to srips with the chemistry 
behind your many emotions 


How do we make memories 


Learn how the brain generates 
and stores memories in this 
unforgettable feature 
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he brain makes up just two per cent of our 

total body weight, but crammed inside 

are approximately 86 billion neurons, 
surrounded by 180,000 kilometres of insulated 
fibres connected at 100 trillion synapses. It's a 
vast biological supercomputer. 

The cells in the brain communicate using 
electrical signals. When a message is sent, 
thousands of microscopic channels open, 
allowing positively charged ions to flood across 
the membrane. Afterwards, more than1 million 
miniature pumps in each cell move the ions 
back again ready for the next impulse, 
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connections, are contained within the grey 
matter, which consumes 94 per cent of the 
oxygen delivered to the brain. Different areas 
are responsible for different functions, and 
Wiring them together is a fatty network of fibres 
called white matter. 

Whena signal reaches the end ofa nerve cell, 
tiny packets of chemical signals spill out onto 
ite UDSCOLUDEOOT OTM OL U PCOS MMM ALi e MUA M Re 
called synapses, allow messages to be passed 
from one cell to the next. Each neuron can 
receive thousands of inputs, coordinating them 





intime and space, and by type of chemical, to 
ole a arc CORO OR tea 

scientists have been electricallyand 
chemically stimulating the brain to see how it 
responds to different signals, recording 
electrical activity to map thoughts and using 
imaging like functional MRI to track the blood 
flow increases that reveal when nerve cells are 
DGD eE- OM Miletsdh ee) MO tems) cc UNOM ers Pees) tM el sea Tbe care 
inside the lab. Thanks to these investigations we 
SUOMI eeeec lee Man eht Masel le) (sei Gmt Maem ent iy 
Siem lc)(e)CommLeL MOOT MINN Cees eeb MESO 
bepinning. There isso much more to learn. 





Brain development (0) 


From a single cell to an incredibly intricate network Is met 


‘ ; ‘ The brain folds in on itself to cram in 
In just nine months wae —_ 2 more processing power 
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Within weeks of fertilisation, neural progenitors 
start to form; these stem cells will go on to 
become all ofthe cells of the central nervous 
system. They organise into a neural tube when 
the embryo is barely the size ofa pentip, and 
then patterning begins, laying out the structural 
organisation of the brain and spinal cord. At its 
peak growth rate, the developing brain can 
generate 250,000 new neurons every minute. By 
the time a baby is born, the process stillisn’t 
complete, But, by the age of two, the brain is 80 
per cent ofits adult size. 
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Pyramidal neurons, 


Brain format ion like these, are found watts 





This astonishing structure is formed and in the hippocampus, oer rey 
refined as pregnancy progresses cortex and amygdala rt pe Mee lL eallt arp veh s 
Sg 0 a [2g etd a |e et cet 
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' flaraecldemielay s 
Midbrain Forebrain | es 
Midbrain ote 
Hindbrain 







Hindbrain 


Spinal cord 


Chimpanzee cea Tayt 
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Forebrain 
4 weeks 6 weeks ee 
Brain development starts just three weeks after The pattern of the brain and spinal cord is now laid out 
fertilisation. The first structure is the neural tube, which and is gradually refined, controlled by gradients of 
divides into regions that later become the forebrain, signalling molecules that assign different areas for b 
midbrain, hindbrain and spinal cord. different functions. 
"= nn _ 
Midbrain | ™» Forebrain Hindbrain KA fee Forebrain 
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Hindbrain 


“Our brains 
contain 
86 Dillion 


Spinal cord 


, brain can MeUrONS ; 
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11 weeks Birth ertain areas of the adult Brain a nw 3 
As the embryo becomes larger, the brain continues to Before a baby is born, around half of the nerve "Whe pheeaidis i smcemngral(e cme.’ Ky lor | } etr PS = 
increase in size and neurons migrate and organise. The cells in the brain are lost and connections are neurons, a process known J : : i = 
surface of the brain gradually begins to fold. At this point, pruned, leaving only the most useful. This 45 NeUrOOenes!« F of fibres z 
a foetus only measures about five centimetres in length. process continues after birth. | | a 
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Delve into the make up of the 
human brain and discover 
what its major parts do 


sa computer, athinking machine, a fatty pink organ, and 

avast collection of neurons - but how does it actually 

work? The human brain is amazingly complex —in fact, 
more complex than anything inthe known universe. The 
brain effortlessly consumes power, stores memories, 
processes thoughts and reacts to danger. 

Insome ways, the human brain is like a car engine. The fuel 
-which could be the sandwich you had for lunch ora sugar 
doughnut for breakfast - causes neurons to fire ina logical 
sequence and to bond with other neurons. This combination of 
neurons occurs incredibly fast, but the chain reaction might 
help you compose a symphony or recall entire passages ofa 
book, help you pedal a bike or write an email toa friend. 

scientists are just beginning to understand how these brain 
neurons work —they have not figured out how they triggera 
reaction when you toucha hot stove, for example, or why you 
can re-generate brain cells when you work outat the gym. 

The connections inside a brain are very similar to the 
internet -the connections are constantly exchanging 
information. Yet, even the internetis rather simplistic when 
compared to neurons. 

There are around 10,000 types of neurons inside the brain, 
and each one makes thousands of connections. Thisis how the 
brain processes information or determines how to movean 
armand gripa surface. These calculations, perceptions, 
memories and reactions occur almost instantaneously, and not 
justa few times per minute but millions. According to Jim Olds, 
Research Director with George Mason University, ifthe internet 
were as complex as our solar system, then the brain would be 
as complex as our galaxy, In other words, we have a lot to learn. 
Science has not given up trying and has made recent 
discoveries about how we adapt, learn new information and 
can actually increase brain capability. 

In the most basic sense, our brain is the centre of all input 
and outputs in the human body. Dr Paula Tallal, a Codirector of 
Neuroscience at Rutgers University, says the brainis constantly 
processing sensory information - even from infancy. “It's 
easiest to think of the brain in terms of inputs and outputs,” 
says Tallal. “Inputs are sensory information, outputs are how 
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Basal ganglia (unseen) 
Regulates involuntary 
movements such as posture 
and gait when we walk and also 
Bs ee pee eee 

eee ee 
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where Parkinson's disease 

ee eile 


Hypothalamus 

Controls metabolic functions such as 
ates gamete gel (eta Ee 
See ME ee get eM a 
hunger, sexual dive, pain relays and 
FCG ae clench 
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to Olds, there are almost too many to count 
— perhaps a hundred or more, depending on 

who youask. However, there are some key 
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thoughts and memories. 















Cerebral cortex 

The ‘grey matter’ of the brain 
controls cognition, motor activity, 
sensation and other higher-level 
Functions. It includes the 
association areas that help to 
process information. These 
association areas are 


Functions of the 
cerebral co 







Oestest erat ap 

This consists of two cerebral 
hemispheres that control 
motor activity, the planning 
ee ee ees pte 
and other body functions. 
Sti eee ge gg) 

Sts ges elt ea Bs 
{compared to 1,300q 

for the main cortex). 


Limbic system 
Shee R ee ee 


LUE ALA ba 
thinking, emotional 
response, sense of 
Tai ete es 


what distinguishes the Frontal lobe 


human brain from This primarily contrals 
other brains. senses such as taste, 
hearing and smell, 
Association areas might 
help us determine melex 


Co 
Someone's WoIce, 








Speech 


Hearing 


Prefrontal cortex 
This controls executive functions 
such as complex planning, 
memorising, social and verbal skills 
and anything that requires achvanood 
thinking and interactions. In adults it 
helps to determine whether an action 
Makes sense or is dangerous. 


our brain organises that information and controls 
our motorsystems." 

Tallal says one ofthe primary functions of the 
brainisin learning to predict what comes next. In 
her research for Scientific Learning, she has found 
that young children enjoy having the same book 
read to them again and again because that is how 
the brain registers acoustic cues that form into 
phonemes (sounds) to become spoken words, 

“We learn to put things together so that they 
become smooth sequences,” she says. These 
smooth sequences are observable in the brain, 
interpreting the outside world and making sense 
ofit. The brain is actually a series of 
interconnected ‘superhighways’ that move ‘data’ 
from one part of the body to another. 

Tallal says another way to think about the 
brain is by lower and upper areas. The spinal cord 
moves information up to the brain stem, then up 
into the cerebral cortex, which controls thoughts 
and memories. Interestingly, the brain really 














The cerebral cortex is the wrinkling 
part that shows up when you see 


pictures of the brain 


Skeletal movement Panetal lobe 
This is where the brain 
Senses touch amc 
anything that interacts 
with the surface of the 
skin, making us aware of 
the feelings of our body 
and whore we are, 


Touch and skin 
Se resabiores. 


Language 


Receves 
‘ siqnals 
a from eyes 


Analysis of 
signal from eyes 


Temporal lobe 
~ This is what distinguishes 
— the human brain - the ability 
to process and interpret 
Analysis of what other parts of the brain 
a sounds are hearing, sensing or 
“ae tasting and then determine 
a Tespase, 


‘Ing sense, the main function of 
the Brain ts in ordering information 
— Interpreting the outside world and 


making sense of It" 


does work like a powerful computerin 
determining not only movements but registering 
memories that can be quickly recalled. 

According to Dr Robert Melillo, a neurologist 
and the founder of the Brain Balance Centers 
www. brainbalancecenters.com), the brain 
actually predetermines actions and calculates 
the results about a half-second before performing 
them (or even fasterin some cases). This means 
that when you reach out to open a door, your 
brain has already predetermined how to move 
your elbow and clasp your hand —it may even 
have simulated this movement more than once, 
before you even perform the action. 

Another interesting aspect to the brain is that 
there are some voluntary movements and some 
involuntary. Some sections of the brain might 
control a voluntary movement such as patting 
your knee toa beat. Another section controls 
involuntary movements, such as the gait of your 
walk, which is passed down from your parents. 
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Left or right brained? 


Actually, you're neither. Discover the truth behind the way we think 





» t's true that the different sides of the brain Despite the popularity ofthe leftversusright the brainandthereby allowing 
perform different tasks, but do these brain myth, the team (who published their the nerves to communicate 
anatomical asymmetries really define our findings in the journal PLOS ONE) found no rapidly on a local scale. One 
personalities? Some psychologists argue that difference inthe strength of the networks in example is language processing 
creative, artistic individuals havea more each hemisphere or in the amount we use —in most people, the regions of 
developed right hemisphere, while analytical, either side of our brains. Instead, they showed the brain involved in speech, 
logical people rely more heavily onthe leftside thatthe brainis more like a network of communication and verbal 
of the brain, but so far the evidence for this computers. Local nerves can communicate reasoning are all located on the 
two-sided split has been lacking. more efficiently than distant ones, soinsteadof left-hand side. 
Ateamatthe University ofUtahattemptedto sending every signal across from one Some areas of the brainare less 
answer the question by dividing the brain up hemisphere to the other, neuronesthatneedto symmetrical than others, but both 
into 7,000 regionsand analysingthefMRiscans bein constant communication tend to develop hemispheres are used relatively equally, 
of over 1,000 people in order to determine into organised local hubs, albeit for different things. There is nothing to 
whether the networks on one side of the brain Hubs with related functions clustertogether, say you can't bea brilliant scientist and a great 
were stronger than the networks on the other. preferentially developing on the same side ol artist too —just look at Leonardo da Vinci. 





, se . = Parietal lobe - 
Examining the human brain _ Gressure, taste Occipital lobe 
The parietal lobes handle | 
What do the different parts of the brain actually do? hon Sn iat a cl Incoming information from 
are involved in spatial the eyes is processed at 
awareness and navigation. the back of the brain in the 


visual Cortex, 







Broca’s area 
(speech) 

Broca’s area is responsible 
for the ability to speak and 
is alrmost always found on 
the left side of the brain. 


Frontal lobe 
(planning, 
problem solving) 
At the front of each 
hemisphere is a frontal 
lobe. The left side is more 
heavily invelved in speech 
and verbal reasoning, 
while the right side 
handles attention. 


Auditory cortex 
(hearing) 

The auditory cortex is 
responsible for processing 
information from the ears 
and can be found on both 
sides of the brain in the 
temporal lobes. 


Wernicke’s area 
(speech 
processing) 

This region of the brain 
is responsible for 
speech processing and 
is found on the 
left-hand side. 


Temporal lobe 
(hearing, facial 
recognition, memory) 
The temporal lobes are 
involved in language 
processing and visual memory. 
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A microscopic image of 
the brain's extremely 
complex neural network 
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Give your braina 
fun workout 


@ Boost your memory 
Look at this list of items for one minute, 








then cover the page and see how many you 
can remember: 





The human brain is so 
powerful that it took 
2 S44 computer 
processors 40 minutes 


' 
ES 
second of its activity , 


4 | = fn Difficult? Try again, but this time make upa 
Myth -ta ken id entity story in your head, linking the objects 








The left versus right brain myth is actually based couldn't describe it. Speech and language are together ina narrative. 
on Nobel Prize-winning science. In the 1940s, a processed on the left side of the brain, but the 3 

radical treatment for epilepsy was trialled: doctors information from the left eye is processed on the 

severed the corpus callosum of a small number of right. The patients were unable to say what they 


patients, effectively splitting their brains intwo. fa saw, but they could draw it. Psychologists 
patient was shown an object in their right field of wondered whether the differences between the 
view, they had no difficulty naming it, but if they two hemispheres could create two distinctive 
were shown the same object from the left, they personality types: left-brained and right-brained. 


Right 





... fou get the idea. Make it as silly as you like: 
strange things are much more memorable 
than the mundane, 


_ Impulsive 









Emotional ® Slow brain ageing 

@ee Learning anew language is one of the 
best ways to keep your brain active. Here are 
four new ways to say hello: 





Creative *Polish: Czesé! 
(che-sh-ch) 
-Russian: Zdravstvuj 
(zdrah-stvooy) 

3 -Arabic: Marhaba 

Intuitive (mar-ha-ba)} 
«SWahili: Hujambo 
(hud-yamboa) 
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Precise 






Spiritual | 


Dog lovers Cat lovers 


BIOLOGY OF THE BRAIN 
































rain celis How many cells? 
Find out what's really going on inside your head thi a“ : eee yey a saetia 


our brain isan incredible thing. Itis one are being discovered all the time. But they can't 
of the most complex structures in the function on their own. They are supported bya 
known universe, and for decades, network of glial cells -a name that literally 





scientists have been teasing it apart to find out means ‘glue’. 
what it’s made of and how it works. There are three main types of glial cell. 
The brainisanelectricaland chemical circuit, Oligodendrocytes have fatty branches, which meee BN A ; , es ek 
and nerve cells, orneurons, arethe components. they wraparound the conducting axons of nerve . | i up with a different 
They each havea cell body, whichcontainstheir cells like the plastic coating on electrical wires. meat | (etek 
genetic code, anaxon to transmit electrical This provides insulation, preventing signals Pearl snare sR PRESEN 
impulses and dendrites to receive them. from getting crossed and speeding up their ; 
They are connected together at junctions transmission along the chain. 
known as synapses. When an impulse arrives, Microglia are part of the immune system and 
packets of molecules are released, passing the act like anin-house cleanup crew, tracking 
message on. Each neuron makes thousands of down pathogens and clearing debris from the 
connections, producing the complicated brain. Then there's the star-shaped astrocytes, 
patterns that drive human thought. which reach between nerve cells and blood 
There are hundreds of different types of vessels with their long, thin arms, shuttling 
neuron in the brain, categorised according to nutrients, mopping up waste products and even 
their unique structure and function, and more setting involved with chemical signalling. 






Under the Microglia Oligodendrocyte 
 :- | These are specialist These cells provide insulation, 
microscope immune cells that help wrapping fatty membranes 
i, to keep the brain healthy around the neurons to speed 
A closer look at the brain and free from disease. up their electrical signals. 
















reveals a complex network 
of different cells 


Neuron 

These are the nerve cells 
responsible for transmitting 
and receiving the electrical and 
chemical signals in the brain. 


Dendrite 
These branching processors 
receive thousands of incoming 
signals from other neurons. 
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Astrocyte Synapse é 

Tee PsEE These star-shaped cells “sc Axon Chemical signals are = 
4 te Reece ORs support the neurons, This part of the neuron exchanged at these Pe 
image shows era i | ; ee z ; : = 

| providing nutrients, transmits electrical junctions, passing G 
astrocytes grabbing ¥ 

3 clearing waste and _ signals towards messages from one = 

on to blood vessels et . | | = 
contributing to signalling. neighbouring cells, neuron to the next, E 


with their ‘feet’ 


The blood-brain 
barrier 


This biological wall keeps 
your brainsafeandsecure _ Blood vessels 


Take a closer look at the 
barrier that shields your 
brain cells 
















Brain 


The blood carries vital The blood-brain 
our brain is arguably your most nutrients, but it can barrier helps to 
; Spotter era : also transport maintain the delicate 
important organ, and itis vital that it ciibetanees that inilght chemical balance that 
isn't affected by wayward chemicals harm the brain, keeps the brain 


or aggressive infections. To keep your nerve functioning normally, 


cells safe, your body builds a biological wall 
called the blood-brain barrier. 
Blood vessels are the highway ofthe 
human body, carrying nutrients and oxygen 
to tissues and taking away waste products, Astrocyte 
but unfortunately they canalsotransport =~ Se ae le 
harmful chemicals and infections. In most 4 shape andhavelong 
parts of the body, chemicals are able to 
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. ®) feet that release 
freely cross through the walls of the blood = Ber i 
vessels, leaking between the cells and out '*e. ee Sees 
into the tissues, but thankfully this does not 
occur in the brain. 

To prevent unwanted contaminants from 
entering, the cells lining the blood vessels 
are closely knitted together by structures 


= The barrier isn't able to 
: keep everything out. 
=," \Water, fat-soluble 
molecules and some gases 
are able to pass across. 


















Pericyte 


















called ‘tight junctions’. Web-like strands pin : Transporter | eee eee eee 
the membrane of one cell to the membrane specialised transporters in contract, helping to 
the surface of the blood 


regulate the amount of 
blood moving through the 
capillaries in the brain, 


of the next, forming aseal that prevents any 
leakage through the cracks, 

Wrapped around these cells are pericytes, 
which are cells that have the ability to 
contract like muscle, controlling the amount 
of blood that passes through the vessels. Just 
outside the pericytes, a third cell type, the 
astrocytes, send out long feet that produce 
chemicals to help maintain the barrier. 


vessel cells carry important 
| molecules, such as glucose, 


| 


| across the barrier. 








_ Tight junction 
The cells lining the blood 
vessels are closely 





) joven § knitted together, | 
some large molecules, like hormones, do | preventing molecules : 
need to getin and out of the brain, and there qt ia from creeping through 
are areas where the barrier is weaker to —— ee ee 





allow these to pass through, One such 
region, called the ‘area postrema’, is 

particularly important forsensing toxins. It Spied Seah 

is also known as the ‘vomiting centre’, and make the hollow tubes 
you can probably guess whathappenswhen ™& that carry blood to and 
that is activated! FEE er Er 


Endothelial cell 


These cells form the 
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ji BIOLOGY OF THE BRAIN 


Pituitary gland up close 

















What does this hormone factory do and why couldn't we live without it? 


he pea-sized pituitary gland is found 

at the base of the brain, close to the 

hypothalamus. Ata glance, itlooksa 
relatively insignificant part of the brain, but 
itactually plays a role in many vital systems. 

Often referred to as the ‘master gland’, it not 
only releases hormones that control various 
functions, but it also prompts the activity of 
other glands like the ovaries and testes. 

The pituitary gland comprises three 
sections called lobes: the anterior, the 
posterior and the intermediate — the latter of 
which is considered part of the anterior lobe 
in humans. These work together with the 
hypothalamus, which monitors hormones in 
the blood and stimulates the pituitary gland 
to produce/release the appropriate 
hormone(s) if levels fall tao low. 

The anterior lobe produces seven 
Important hormones, which include those 
that regulate growth and reproduction. 
Adrenocorticotropic hormone |ACTH} targets 
the adrenal glands to produce cortisol and 
controls metabolism, while luteinising 
hormone triggers ovulation in women and 
stimulates testosterone production in men. 
The posterior lobe, meanwhile, doesn't 
penerate any hormones itself but stores two: 
antidiuretic hormone (ADH), which decreases 
urine production by making the kidneys return 
more water to the blood, and oxytocin, which 
tells the uterus to contract during childbirth 
and also prompts milk production. 


Gigantism in focus 

The pituitary gland also produces growth 
hormone, which in adults controls the ammount 
of muscle and fat in the body and plays a key 
role in the immune system. In children growth 
hormone has a very noticeable effect in 
increasing height and bulk until adulthood. 
However, sometimes the pituitary gland 
becomes hyperactive - often as a result of a 
benign tumour -— and produces excess growth 
hormone. In these cases, a person can grow toa 
far-beyond-average height, with hands, feet and 
facial features growing proportionally. While this 
might not seem so bad, gigantism is nearly 
always accompanied by ather health issues, 
such as skeletal problems, severe headaches 
and more life-threatening conditions like heart 
disorders. If diagnosed early, treatment such as 
drugs that inhibit growth hormone production 
and surgical removal of the tumour can help 
avert the more serious conditions of gigantism. 
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The master gland in context _ é 


Where does this vitally important hormone , 4 
manufacturer sit within the human brain? | | » 


Hypothalamus —* ‘ sa 
The secretion of ' | > a j 
hormones from the ” | a 
~™ = pituitary gland is 

directly controlled by 

this part of the brain, 

which links the nervous © 
and endocrine systems, 











Pituitary stalk — 
This is what connects — 
the pituitary lobes to 
the hypothalamus. 


















Posterior lobe 
This doesn't produce any 
hormones itself but stores 
and releases some, like 
ADH, made elsewhere in 
the hypothalamus, 


\ 





= 









Capillaries 
Hormones are exchanged 
between the anterior lobe 
and the hypothalamus via 
a network of capillaries. 


Anterior lobe 
Subdivided into three 
parts, including the thin 
intermediate lobe, this 
produces seven kinds 
of hormone that each 
target specific organs. 






















Thyroid 

One of the largest 
endocrine glands that 
requiates metabolism 
is in turn regulated by 
the pituitary gland, 
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We have a built-in 


system to clear toxic 


waste from between ///7% 


our brain cells 


leep is one of the brain’s 

MH great mysteries, but research 
Qe" has revealedan intriguing 
night-time cleanup system. 

The brain is shielded by a barrier 
made and maintained by cells 
called astrocytes. They hug the 
blood vessels, controlling what's 
allowed inand out, andaspace 
between the vessel wall and these 
cells seems to play a crucial role in 
keeping the brain clean. 

Atnight, the astrocytes relax 
their grip and the space fills up with 
a clear liquid called cerebrospinal 
fluid (CSF). It’s pushed along by the 
movement of the blood vessels 
underneath, swishing up through 
the astrocytes and outinto the 
spaces between brain cells. Asit 
passes, it picks up waste and 
debris, carrying the particles back 
towards the bloodstream so they 
can be removed from the brain, 








Humans are not alone in possessing CSF: 
all vertebrates - including chimps - do 


Astrocyte 


These star-shaped support 
cells surround the blood 
vessels in the brain. 


_ Astrocytes have lang 
~ projections called feet, 

which come together to 
create channels around 
the blood vessels. 


Brain cells are constantly 
creating waste products 
. that can cause damage if 
they're allowed to build up. Hh 








Waste removal 


As the CSF flows across the brain, 
the waste products are carried 
towards vessels where they can 
be removed via the bloodstream. 





Cerebrospinal 
fluid (CSF) 

The brain is bathed in 
clear liquid that carries 
nutrients in and waste 
products out. 


eee am 


brains 


The cleaning 
process 





CSF sweeps away the dirt of 
the day as we sleep 


Flow 

At night, the 
channels around 
the blood vessels 
Widen, allowing 
CSF to sweep 
through the brain. 
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How our ancient brains 
evolved the perfect way to 
keep us safe by controlling 
the chemicals in our minds 
to moderate our behaviour 


Words by Charlie Evans 


ow are you feeling right now? Are you 
mietiecha laying on your sofa and 
ningtothegentlesoundsofthe | 
rial charus outside your window? Or mayhe 
eMC ELAR HiCe TICs eB rheetro ets 
up around yourself as you try to get five 
minutes peace in a busy office? You would 
WAGE TS ROR CH a eta C ce Tc 
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peeeents are nota simple bg he Calle 
| Every time you feel peter your body 
SMG CEB Led sl) atec| eat Li racy chemical 
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eRe eg le oe 





arity 


eee antrre BPM este) tay gcech st 


























neurotransmitters and limbic system. Your 
limbic system 1s the most primordial part of 
Lee ere DPS Mm MICO eam CoB iT A em item ee hue Bp 


The chemistry of emotions 


Where two neurons meet, a very small gap (synapse) exists between them. The electrical 
impulse travelling along the axon of the neuron must convert into a chemical signal to 
bridge this gap. The chemicals that do this are called neurotransmitters. These so-called 
chemical messengers are involved in our different responses to situations. 

Your emotions depend on fluctuating levels of neurotransmitters, which cause the 
activation of different parts of the brain responsible for different moods, or activate parts 
of the brain that trigger the stimulation of the autonomic nervous system. 


PGR MEE ETM PE em ais bi tM tie t eT 
PHL eR eee Meee Pas eare le CAB aT 
response to stimuli and controls our fight-or- 
OPSi@ aceite Gites aemee te leei iii te 
i ae Pee te 

WWE S eae Am acetate Cem tet ido 
decisions based on our emotions. As our body 
fills with adrenaline and our heart starts 
racing we prepare to react, Do we stay to fight 
the bear that has come scavenging for food, or 
VOR RACER COEF CAuU descr hea omen een 
feel the effects of this response. When we are 
confronted for not doing the dishes we might 
feel the same fight-or-flight response as our 
adrenaline starts to flood our system. Our 
heart rate and breathing increases, the fine 


Goo 


Adrenaline 


WeDo ee Rite Re ielm et abe Bie me) tes ci ees bees 


our hands feel clammy as we decide if we are 
going to stay and argue or if we are going to 
escape to to safety of our bedroom. 

The biological sensations in our bodies in 
response to emotions can feel very similar to 
item hela tame ue ean CLEA mere R Aa Cars La 89 toe 
Cb ae CRD eee mea edi) ease 


Released by the adrenal glands 
that sit on top of each kidney, 
adrenaline increases the flow of 
blood to our muscles, raises our 
heart rate and dilates our pupils. 
It is crucial in-our fight-or-flight 

survivalresponse, 


Similar to adrenaline, the release 


of this chemical can result in 
increased levels of alertness, 
helping to prime us for action if 
needed, It also increases our 
blood pressure and widens our 
air passages. 


This is the addictive reward 
chemical that your brain craves, 
It serves to motivate you to seek 
out the things you need for your 
survival We can sometimes find 

ourselves enslaved by this 
ancient reward mechanism. 


me . oO” 
and your heart pounding in your chest. You ‘ 
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nervously in the dentist's waiting room, or ge" Had 
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ee itseet iC merc n Peet M aati wilh) tees ye 
the physiological reaction is the same. The 
interpretation of emotions is our logical brain 
rationalising these responses and describing 
them as feelings. We take into consideration 
the context and label our emotions 
Elam ier es ei cl amte em ee elena ieee bts 
same way. Because our bodies cause different 
floods of chemicals in response to different 
environmental triggers, each person 
naturally reacts to situations differently. 

Have you ever seen someone who is being 
berated ina meeting but facing the onslaught 
SPiSimiCelden tipi cea et tc tie: e-aprolitd hig Gob 26 | 
eyebrow? Or watched as someone finds out 
PIMP CMS Maca e ide Rehman alictt hdr 
You are sure that you would have raised your 
voice or burst into tears, but our responses 
PRC M eV m el nCH ite be 


“We feel our emotions, 
and not just in our head 
‘a/g(a |= 6) 6 eee) elle) 6 
state changes to react 
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In our System” 
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Also knowin as the ‘cuddle 
hormone, oxytocin is released 
when you're close to another 
person. it’s essential for making 
strong social bonds, and it’s also 
a key part of why we want to 
trust people, 


Glutamate 
The most abundant 
neurotransmitter in the. 
vertebrate nervous system, 
glutamate is used by nerve cells 


to transmit signals to other cells. 


Too much of it can cause 
cognitive impairments. 


Endorphins 
Triggered by the sensation of 
pain, enderphins work to inhibit 
the transmission of pain signals. 
Capable of producing a sense of 
euphoria, studies have 
suggested endorphins may also 
be stimulated by laughter. 
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Acetylcholine 
This is the main 
neurotransmitter in the 
parasympathetic nervous 
system that slows our heart 
rate, contracts smooth muscles, 
dilates blood vessels and 
increases bodily secretions. 


Serotonin 
Serotonin is linked to our 
wellbeing and happiness, and 
our levels of it are affected by 
exercise and exposure to 
sunlight. it also helps to regulate 
our mood balance, sleep cycle 
and digestion, 








— Posterior cingulate cortex 
This region is responsible for the recall of 


| Anterior cingulate cortex emotional memanes, and it’s stimulated 


This area is involved in assigning when we daydream or recall past experiences. | The Leela), 
IS aP@e 15 INVOME IM asS519nIn ; 
emotions to internal and external stimull a | — fr of emotions 


and is responsible for the vocalisations 


associated with our emotional states, PA Diiaise= parsers b- ee) eee | esate let 
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are stimulated by different emotions 


Parahippocampal gyrus 


This area is responsible tor storing 









emotional memories, and visual and 
auditory processing. It helps us interpret 
what we are feeling based on the context. 


Hippocampus 


The hipoocamous iS 
I a 






























Hypothalamus 


This region regulates hormones 


raspansible for making 





menoies. it can help us 







and controls the autonomic if fee regulate our emotions by 


NEOUS SYSTEM INTESPOMse tO ff A m allowing us to compare events 


to similar past @xpernences. 


of insulin, increase heart rate or f oF 
redirect blood flow, for example Fl | 


stimuli lf can trigger the release 











Centre of emotion 
| Your Drain recognises external 


stimuli and generates a 





Amygdala 


This small structure is responsible 










for detecting fear and preparing 
our bodies for an emergency. 
Stimulation of This area causes 
anxiety and defensive benaviour. 


physical and emotional 
resoonmse. lt can do this even 
WRENN We are not conscicushy 


aware of the stimulus itself, 


Septal nuclei 
(not visible) 
These structures 
(located near the 


hvoothalaniwus? are 
w | 
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Physical 
responses 
Ouremotions. can 
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linked with feelings af 
social connection, They 


are particularly active ah gis 
_ Bt at =I 


reaetings towards others, 
such as unconditional 
trust or empathy. 
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‘butterflies’ in your 


— ' stomach, your heart 
Mind the gap 

The neurotransmitters 

S diffuse across a gap known 
as the SVRAOTK Crert [0 
reach the next meuran via 


receptors (beige). 











Transmission 
When the neurotransmitters 


bind to the receptors, they cause 

















synapse, it cannot jump directly to the 
next neuron. Instead, it triggers the tne neuron sion channels ta 
vesicles (larger pink spheres; to release open, letting ions (small yellow 
neurotransmitters (small pink spheres). soheres) flow in, triggering the 
next nerve impulse, 
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The chemicals released when 
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BIOLOGY OF THE BRAIN 





networked together. Our past experiences 
and genetic predispositions influence our 
rR M Cie Me Pele Mditoe Cleats 
physiological responses, which in turn 
determine how we react to various situations 
- like someone cancelling on us last minute, 
or having a friend surprise us by showing up 
at the front door unannounced. 

At times our emotions can seem like an 
Pace (ers WM itt melee Pit ee ites 
carefully evolved these mechanisms with just 
Cae gt) elem ee oR 
interpret different emotions as positive or 
negative, the most ancient parts of the human 
brain developed them on the principle that 


we must survive. We evolved emotions asa 


means of communicative function and to help 
us navigate social interactions and our 


HAPPINESS 


SEE 


Emotions as sensations 


We feel our emotions, and not just in our 
head and heart - our bodily state changes to 
react to the chemical storm in our system. 
We might feel a tight knot in our stomach as 
we dread walking onto a stage to givea 
speech, or we might feel our cheeks flush 
red when we answer a question wrong. 
Researchers from Aalto University in 
Finland explored how humans physically feel 





their emotions by mapping the sensations 
topographically. Their findings were 
consistent across Western European and 
East Asian cultures, which suggests the way 
people feel during an emotional experience 
stems from a biological source rather than a 
cultural interpretation. The study also 
highlighted that emotions adjust our bodily 
state to either prepare ourselves physically 





environment safely: they are designed to 
ete Ob Ree era PEAY 
a survival tactic that warned us of potential 
dangers, such as our innate unease around 
spiders and snakes. Then there is the feeling 
RL AMR hare ERe Bieteleegil@tidiicls 
Sl Gia Reticence arte ce ee 

Our other emotions are responses to social 
interactions that keep us part of a group. We 
are fundamentally a social species, and 
throughout our evolution have relied on our 
tribe to help us survive by working together to 
find food and shelter. Anger is a response to 
aaa tee ee Rene ee eli 
dominance, pride can help us to boost our 
social status, while shame is intended to 
tia gocetemeeimclec Petit maidel mse teal litem Mite 
emotions maintain the social balance of our 


Less 
active 


to fight or flee or to encourage us to seek 
out enjoyable social reactions. 

The study included over 700 participants 
from Finland, Sweden and Taiwan, and 
researchers induced different emotional 
states before asking them to colour bodily 
areas on images of the human body to 
describe in which areas they felt activity 
increasing or decreasing. 








Sete MUR RCE Raa Lime ten 
weet oe: Lela eae 

The fundamental emotions that motivate 
us individually are almost always sadness 
and happiness. Sadness results from loss and 
serves the biological purpose of motivating a 
person to recover that loss, whetheritisa 
ioLtbnewa Vols Rete tame rew ie) merle tmen leer tc) wm hres 
supermarket, or trying hard to get a new job 
RAC mt Heeb ET te tis mttaer Le Baas 
human emotion is happiness, and we are all 
in search of it. 

When you're sitting around a campfire, safe 
in the countryside with some close friends 
and good food, you feel happiness because 
eh Bin inteMduteBaccis lice ca areie alta 
primitive brain is seeking. Our species is 
drawnso much to happiness because this 
emotion is our brain's reward system for 
eeCMDUEM aN bCel brie eM Coke ba ed ciew eae 
dibeet lee Wie P iM TRM OUT TIEROM ec P RPM e ey eimai a 
sadness when social bonds are broken, 
communicates with our loved ones and can 
recognise and regulate our emotions even 
UT IMGECAetlem tlm ma sae Meet ba Less he 

WMC TMLee IE Pietra 
Eyer Pa aie Ble lebte-Me tert) a (ejmd ute -Ti tele ie ee Ley 
bodies have created these experiences - the 





The emotional mechanisms in our bodies evolved to 
keep us safe and connect us with others 


tears as we say goodbye, the smiles and 
laughter as we are reunited - for the purpose 
of keeping us alive, Our emotions and 
feelings are fundamentally what make us 
human, but it means we're in for a bitofa 
rollercoaster along the way. 
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Reading the emotions of others is a vital skill for 
BEC mS miter Mice me fe Melee awe 
ORCI TMs CRIT hme as Me 


elee a mate 
There has been a long-established view that 


the way we express our feelings using our facial 


Cee eae) universal and crosses all ei at ged 
for seven basic emotions: Eats tai eis ete 
SC Aer [ety Lie Lele ery tani) ee ge] greta 
century, studies have explored the theory of 
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a ha! 
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emotions do 
eB eh te 


it has long been thought that there are 
only six different emotions: anger, 

Sete em ar) ace Mer tate tie ale) 
surprise. It has been hypothesised that 
any other emotions are just a 
combination of these basic feelings, such 
as anticipation being caused by a mixture 
of fear and happiness. However, a recent 
PetisM siete pagers isle em ets 
National Academy of Sciences of the 
United States of America from 
Poca eee eel ete erate cera 
MTU Mt) EV Me elem earch 
FCM iaii di ml ieee itm Cems owe: rele ral a 
but still related, 

SUM wea teams mL 
the intent to evoke emotions in the 853 
participants. Clips included a cute baby 
playing with some fluffy puppies, a man 
holding a tarantula inside his mouth, and 
Mgrojela\ mers tai elcm abt Matos eee 
ets M ase cle wc) tole eect aa ately 
io a lecteur le Magee i le Mey 
strongly it evoked a response. The study 
suggests that there are 27 distinct 
emotions, including awe, awkwardness, 
calmness, confusion, disgust, nostalgia, 
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retainin 





We take it for granted, 


but how do we retain and 
utilise information from 


our environment? 


emory is the capacity to store and retain information, 

then recall it for use when needed. It is used by most 

organisms to operate in the most successful manner 
they possibly can in their unique environment. 

There are three main types of memory: sensory, short-term 
and long-term, although long-term is often split into different 
types of memory. Sensory memory isa very short-term type of 
memory that is evoked through the senses. It lasts for a few 
seconds at most and is notstored. 

Short-term memory is a slightly longer-lasting form -around 
2o seconds. It’s the recording of memories currently being used 
-i.e, remembering a number to dial in the next 30 seconds. If 
the information is repeated, however, it causes pathways to 
form between neurons in the brain and a phrenological loop to 
be created, causing a memory to be stored asa long-term 
memory. Unless this repeated firing of the neurons occurs, 
which is forced by repeating the information, a memory is lost. 

When we cannot remember something, it’s generally not 
because of developing a degenerating brain disease like 
Alzheimer’s - it’s far more likely to be that the correct stimuli 
have not been presented to prompt retrieval of the memory, or 
that you did not register or retain the original information 
properly. For example, if you cannot remember where you put 
your shoes when you took them off, it may be that you were not 
paying attention when you put them down and consequently 
have not transferred the memory from short-term to long-term 
in the first place, rather than having forfotten. 

Aslongas you have registered and retained the event, correct 
stimuli would cause a refiring of the neurons when creating the 
original memory, allowing successful retrieval of the 
information required. Dependent on its type, a memory is 
stored in different areas of the brain. This helps people to store 
related information more easily, as it can be linked to 
previously stored related material. 
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Frontal lobe (including 
the pre-frontal cortex) 
The frontal lobe playsa crucial 
role in staring long-term 
memories, in particular those 
related to behavioural and 
social norms and expectations. 


Putamen 

Thisarea of the brainis 

very important in movement, 
therefore itis animportant 
area for procedural 
long-term menvory. 
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These groups of nuclei play avery ——— 
important role in the forming of 
emotional memory, such as 
reaction to fear. 
Temporal lobe 


This lobe of the brain primarily 
stores and processes auditory 
information and therefore playsa 
particularly important role in 
speech and language. The 
hippocampus sits within the 
temporal lobe. 


<=) Hippocampus 

_ | Thehippocampusis one ofthe 
crucial parts of the brain for the 
transferal of short-term memories 
into the long-term, Damage to this 
area will hinderan individual's 
abilityto make new memories. 
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Parietal lobe 

This large area ol the brain 
plays a crucial role in 
bringing together sensory 
information. itis 
particularlyimportant 
for the processing of 
visual information 
and spatial 
awareness, 


Caudate nucleus 
Animportant partota 
human's memory system, 
this is linked to feedback 
processing and responseand 
| is thought to regulate activity 
ee Ean inthe cerebral cortex. 

areain motor control and, 

fo some extent, cognitive 

functions, including Thalamus 
: language. Damage to this The thalamus helps to direct the 
ob area causes issues with brain's attention to experiences or 
5 movement, which can events by sending signals tothe 
influence everything cerebral cortex. It is important for 
: from balance to speaking sensation, motorskillsand also 
and walking. a. helps to regulate sleep, 
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Memories are formed in our eae through electronic 
pulses passing between neurons. As neurons fire more 
than once, the pathway and link between the neurons 
strengthens; if the first neuron is triggered in the future, it is 
more likely that the others will too, Memories are stored in 
diferent areas of the brain, depending on what they are 
and what they are used for. 


Input 

The stimulus fora memory can 
be nearly anything. Itcan be 
related or unrelated. For 
example, ifyou see a letterbox, 
you may rememberyou hada 
letter to post, therefore 
stimulating amemory through 
a related input. However, some 
people use unrelated stimuli, 
like a piece of string tied to their 











finger, which they have formed 
an unrelated link to something 
else with. 
ae Circuit formation 
Asamemory is being 
formed, certain neurons 
willlink togetherina 
. i circuit tostore this 
Input . | memory. Itwill link 
: related memories, and 
7 repetition of this circuit 
aah firing will strengthen 
3 the memory. This 
iscalleda 
phrenological loop. 
. New link 
Increasing established 
activity p- , 
Repeated firing of the 
neurons invelved in the 
first memory formation 
repetition to remember) 
willstrengthen the 
memory, as the neuron 
pathway becomes 
stronger and the memory 
can be retrievedand Facilitated 
utilised faster. synapse 
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The complex ways 
we remember... 


sensory memory 

Sensory memory is evoloed 
through the senses.and is the 
initial perception of something. 
Thisisa fleeting memory and will 
not be transferred into short- or 
long-term unless we focus on 
remembering the event. 


Short-term 

This type of memory is stored 
temporarily for up to 20seconeds. It 
can, however, be confused with 
working Memory, aseparate type 
olmemory that allows an 
individual to retain information 
only for long enough to, say, 
complete a sum. Unless 
information is repeated several 
times to establish a pathway 
between neurons it will decay and 
be lost. 


Long-term - procedural 
(implicit) 

This kind of long-term memory is 
how we remember to do things 
such as ride a bike, Itiswherewe 
store our body’ memories - our 
motor skills. 


Long-term — declarative 
(explicit) 

This type of memory is how we 
store facts for retrieval and 
consists of things suchas names 
and dates, 


Long-term - episodic 
This is where we store event- 
related memories and link them 
together. For example, ifyou went 
toa dinner party you wouldn't 
remember every moment, but you 
would recall a collection of events, 
smells and sounds that link 
tagether when you think ofthe 
overall event. 2 
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o32 Power of imagination 


The biology behindyour 
imagination and how dreaming 
things up has helped our species 


How the brain sees 


What you see through your eyes 
isn't the same as the image that 
your brain receives 


o38 Facial recognition 
We may take our skill at 
identifying faces for granted, 
but it’s a vital ability 
Anticipatory timing 
Find out how your brain 
‘predicts’ the future 
Decision-making 
Do we all really have free will? 


044 Fight or flight 
How your brain keeps you alive 
in an emergency 
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The human brain has the unique ability to take 
what it knows and dream up something new 


an you imagine a purple dragonridinga 
bicycle with three wheels? No other 

' animal on the planet has that power. You 
have the ability to take mental images of objects 
you've seen before, break them down into their 
component parts and rebuild them into 
something new. 

Combinea reptile and a birdand you have 
your dragon. Recall the purple colour ofa flower 
and you can paintits skin. Think about the 
mechanics of riding a bicycle and you'll be able 
to position its body on the frame, forelegs on the 
handlebars, hindlegs on the pedals. Now you 











The occipital and frontal lobes 
are essential for imagination 





Words by Laura Mears 


just need to decide where you want to put that 
third wheel. This skill is incredible, and it’s 
shaped the course of human history. Culture, 
engineering, art, science, music, technology: 
these things are only possible because we can 
make things up. But the ability to imagine hasn't 
always been there, 

When modern humans first started migrating 
out of Africa around 100,000 years ago, they were 
still using the same simple tools as their 
ancestors. It was another 60,000 years before 
human creativity really started to explode. 

Between the emergence of modern humans 
and the ‘creative explosion’, mutations in our 
genes slowed down the development ofthe 
brain's processor, the prefrontal 
cortex. This allowed the thinking 
part of our brain to get much 
bigger, andthisinturn 

allowed our skills of visual 
processing and language to 
combine. Neuroscientist 
Andrey Vyshedskiy 
argues that this was the 
catalyst 
for imagination. 
Of course, other 
/ \ animals can 
communicate and 
process visual 
information, but 
the way that 
we doitis 
unique, 
scientists 
think that the 
ability to make 
mental pictures 
exists across the 
animal kingdom. It’s 
a phenomenon 
known as ‘imagery’. 


But it’s not the same as imagination. Take 
bicycles, forexample, When we seea bicycle, 
networks of neurons fire in the visual processing 
regions of our brains. To store a memory of what 
the bicycle looks like, the brain needs to 
remember which neurons lit up. To do this, it 
strengthens the connections between them. 
This isa principle known as Hebbian learning - 
‘nerves that fire together, wire together’. 

The result is that the brain forms.a web of 
connected nerve cells that representa bicycle, 
together known as a neuronal ensemble. To get 
the mental picture of the bicycle back, all the 
brain needs to dois reactivate the same 
connections. There's evidence that rats can do 
this to fillinthe blanks when something's 
happening outside of their field of view; they use 
mental images to deal with missing information. 
But we can take it one step further. 

Rather than simply recalling patterns we've 
already seen, we can use old patterns to invent 
something completely new. To do this, we 
borrow skills from the way we communicate. 

Other animals also have language, but none 
quite like our own. Across most of the rest of the 
animal kingdom, language is non-syntactic. This 
means thatanimals talk about whole situations 
all at once. A bit like reactivating the whole 
mental image of the bicycle. The thing we can do 
differently is break situations down and talk 
about them in parts, known as ‘syntactic 
language’. This makes room for us to reassemble 
the parts ina different order or take parts of 
different ideas and combine them together. 

It's the combination of syntactic language and 
mental images that make imagination possible. 
Together they allow ‘mental synthesis" the 
ability to break visual ideas apart and put them 
back together to conjure up objects that have 
never existed. 

Toimagine a dragon riding a bicycle, we need 
to connect the mental ensembles for the 
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Vivid human imaginations 
can conjure fantasy 
creatures from thin air 


“Culture, engineering, 
art, science, music 
ond technologu: 
these things are only 
possible because we 
can make things up” 
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different concepts and activate them together. Vour brain has stored a pattern of nerve 
For this to work, the signals from different parts ~all activity that means ‘bicycle’ 

of the brain have to arrive at the same time, and ' 

this takes some coordination. 

The connections responsible are neural fibres 
that link the prefrontal cortex to the occipital 
lobes. Different neural fibres have different 
lengths, so for imagination to work, the brain 
needs to change the speed at which they pass 
their messages. This helps to ensure that the 
messages arrive together. The brain does this by 
wrapping the fibres in varying thicknesses of 
myelin insulation: the thicker the wrapping, the 
faster the fibres transmit. 

Changes to nerve fibre insulation happen 
during childhood, when our brains are at their 
most plastic. When we're young, our brainsalso 
prune and refine the connections between 
different brain regions. This makes childhooda 
critical time for developing the skills of 
imagination, and it’s something we practisea 
lot. While other young animals might fight, 


Practising imagining as children allows us 
to use this powerful brain skill as adults 
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Can animals imagine? 
Chimpanzees are our closest living relatives, but they don't 
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Animals can make mental images of things 
they've seen before. They seem to dream, with 
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might even be able to conjure mental pictures 
of potential future events, allowing them to 
plan ahead. But the question is, can they do 
what we cando and mash different ideas 
together to invent something completely 
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famous example, a chimpanzee named Viki 
elag=e=aele(-10 Comet] ee me seat else mel 1p 
seeming to stop to free it when it became 
Mere Mes TAMER enamel aides Neo 
chimp, Kanzi, pretended to hide food jn bushes 
and then pretended to eat it, He even shared 
his imaginary food with others and watched to 
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cases, the chimps were imagining behaviours 
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fast they send messages 


climb and run to practise the skills they need as 
adults, our species are the only ones that seem to 
engage in make-believe. Imaginary friends are 
found nowhere else in the animal kingdom; we 
seem to have a unique gift for fiction. 

The power of our imagination extends far 
beyond mental pictures of bicycle-riding 
dragons. Our brains contain "mirror circuits’ that 
activate not only when we do or experience 
something but when we see someone else do or 
experience the same thing too. For example, 
when we watch someone ride a bike, the centres 
in our brain that control movement light up. 
When we see someone fall off their bike, the 
parts of our brains involved in processing 
emotion switch on. These traces allow us to 
picture an experience in our mind's eye. And, 
like mental images, we can break them down 
and recombine them to imagine something new. 

When children reach the age of around four or 
five, they also develop a complex imagination 
skill called theory of mind. This is the ability to 
understand that mental states —like knowledge, 
desires and emotions - can belong to us or 
belong to others, This lets us identify the goals of 


Imagination enables humans to invent complex social 
contracts, like exchanging goods and services for money 





those around us, understand their beliefs and 
understand that what people say and what they 
mean aren't necessarily the same. 

The neuronal ensembles that we build have 
many complex and interlinking components. It's 
the ability to take all this stored information, 
break itinto parts and put it back together that 
makes our imagination so powerful. 

By the time we reach adulthood, we havea 
sophisticated ability to plan ahead, We can run 
through potential scenarios in our minds and 
attempt to solve problems before they arise. This 
lets us prepare in advance. We can compare 
more than one possible outcome, prepare for 
both, or weigh up which is more likely, We can 
imagine things that have never existed and that 
will never exist. And we canrunsimulations to 
find out what it feels like to experience things 
we've never experienced before. 

To access these superpowers of imagination, 
we use two large networks of brain cells known 
as the ‘executive attention network’ and the 
‘default network’. 

The executive attention network sits between 
the outer parts of the prefrontal cortex and the 
parietal lobe. Ittaps into your short-term 
memory and is especially active when you're 


i 


Imaginary friends might 
be uniquely human 


focused on solvinga problem, This part of your 
imagination is laser-focussed, butits creative 
powers have limits. 

Ataskassimpleas rotating a shape in your 
mind’s eye involves at least 12 separate regions of 
the brain. Brain cells communicate across these 
different locations, creating what scientists calla 
‘mental workspace’. But to create the focus 
needed to solve difficult problems like this, the 
executive attention network does its best to cut 
out distractions from other areas. This helps to 
get the jab done, but it doesn’t allow room for 
random thoughts, and it’s randomness that 
makes imagination so powerful. 

To access your full creative capacity, you need 
to relax into the default network. This is the part 
ofthe brain that lights up whenever your mind 
starts to wander, 

The main areas involved inthe default 
network are the medial prefrontal cortex and the 





posterior cingulate cortex. Together, they handle 
memory, decision-making, reward and emotion. 

When our attention is quiet and the brain 
enters a rest state, the default network takes 
control. The wandering mind is able to create 
and change mental images, recall episodic 
memories and relive thoughts and ideas, and by 
allowing many brain areas to be active all at 
once, it unleashes our unique human ability to 
integrate information. 

One human imagination is powerful, but it's 
the combined imagination of the whole of 
humanity that has made our species sucha 
success. Itallows us to cooperate with other 
people ona scale much largerthanany other 
organism on the planet, breaking downand 
recombining our shared experiences to reinvent 
the world around us. 

Perhaps Albert Einstein put it best when he 
wrote, “Imagination is more important than 
knowledge. For knowledge is limited, whereas 
Imagination embraces the entire world, 
stimulating progress, giving birth to evolution.” 
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Eyes are often likened to windows, 
but their role in our perception of 
the world is a little more complex 


eye through the pupil. They're refracted 
by the lens and the cornea so that they 
reach the retina at the back of the eye. The retina 
isasensory membrane made up of millions of 
light-sensitive nerve cells that fire electrical 








Our forward-facing eyes give us a 


slight reflects off objects, waves enter the 


signals along the optic nerve to the brain when 
they're stimulated by light waves. 

Because light travels in straight lines and 
enters the eye through a small, curved aperture, 
waves reflecting off objects above the eve hit the 
bottom of the retina and vice versa. This creates 
an inverted image of the world, but the brain 
processes these signals to produce a final 
image that matches the true orientation of 

the landscape. 
Asmembers of a predator species, our 


\ eyes are positioned quite close together 


on the front of our heads, meaning that 
y the range of one eye overlaps with the 
range of the otherso-unlike many prey 
animals—we can see directly in front of 
us, The brain combines the separate 


images to produce one seamless view. 


This overlap inimages, combined 
with information from features like 
shadows, allows us to perceive 
three-dimensional shapes, depthand 





distance with relative accuracy. Italso means 





that we're often looking at our own noses from 
multiple angles, but this issomething we rarely 
notice. As it’s always there in the middle of your 
field of vision and isn’t something you really 
need to be looking at, the brain ignores the nose 
and pieces together a clear view using the input 
from each eye. 

Processing information requires energy, so 








the brain pays differing degrees of ‘visual 
attention’ in different situations. Sometimes it 
works quickly to gather a general impression ofa 
person's surroundings and prevent them from 
falling or walking into anything. Only small, _ 


vital pieces of information are filtered through to 


conserve energy and prevent the brain being 
bombarded with useless signals. When 
something interesting catches your eye, 
however, itstarts collecting more information 
and relating it to existing knowledge and 
memories fora more complete understanding of 
a particular scene. 





“Only small, vital pieces of information | 
gre filtered through toconserveenergy sis, 


wider overlapping region than 
many prey animals 
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nding signals 
Working together, the eyes and brain 

build up images of our surroundings 

No images are formed within the eyes themselves; they 

simply take in light waves and pass on information. 


When light waves hit the retina they activate certain 
cells, which fire electrical signals down the optic 








nerves. The optic nerves meetand cross ata pointat the 
base of the hypothalamus knownas the optic chiasm, Optic _ 
so that each halfof the brain can combine information chiasma 
from both eyes about one half of the visual field. Sorted 
into leftand right, signals continue down the optic 
tracts until they terminate in the thalamus. From here 
they're relayed to the occipital lobe, which contains 
visual cortexes able to process, interpret and recognise 


_——_—_— Optic nerve 


\____. Optic tract 
Thalamus 7“ 


visual signals. 
: “1 sat guys pits | - Membrane 
Many neurons in the brain’s visual region respond to 
contrast and edges. Edges and overall shapes are more 
useful than small details when the brain is initially 
building up information about an object. Once ashape 
is identified, other parts of the occipital lobe analyse 
features on the object's surfaces to gain more specific 
information. You can tell from a distance, for example, 


f_______ Heccipital 
lobes 


when a person is walking towards you, but it’s not until 
they get closer and you can see their features that 
you're able to recognise who you're looking at. 
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In a busy environment, anly a fraction 
of the information reaching the eyes is 
processed and stored by the brain 








We have facial recognition 
to thank for our wide 
social circles 


== on others for comfort, safety and 
| ‘happiness. We live in large groupsand 
often have additional connections outside of our 
close circles, and we're able to do this in part 
because we possess the ability to remember and 
identify faces. Faces of those who are important 
to us — whether for positive or negative reasons 
—are stored in our brains ready for the next time 
we encounter them, Even after years apart, old 
friends can recognise each other across the 
street, while the face of a stranger walking past 
fades from the memory almost instantly. 

A part of the brain called the fusiform gyrus is 
often closely associated with face and body 


recognition. It forms part of the ventral temporal 
cortex, which isa series of structures involved in 
the processing of high-level vision and object 
recognition. Asmall part on the lateral side, 
known as the fusiform face area, appears to play 
multiple parts in recognition, including the 
ability to distinguish between objects that 
possess very similar features. 

Facial recognition isn't an ability we're born 
with- poor eyesightand a brainthatstill hasa 
lot of developing to do mean that babies can't 
learn and identify faces right away. Scientists 
debate when they begin to recognise familiar 
faces, with estimates ranging from two days to 
two months. Self-recognition is a more complex 
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Facial recognition 
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feat, with babies usually taking around 18 
months to comprehend thatthey are looking at 
their own face ina mirror. 

But not everyone is able to pick outa familiar 
face ina crowd. Some people suffer [rom 
prosopagnosia, or ‘face blindness’, a disorder 
that prevents them from remembering and 
recognising individual faces. Even the ability to 
recognise their own face ina mirror or photo is 
impaired. The disorder can arise asa result of 
braindamage, butinsome people the ability to 
recognise faces never develops in the first place. 
No cure or effective therapy exists currently, so 
prosopagnosics often rely on other features like 
voice, gait and clothing to tell people apart. 






































Facial recognition 
technology maps and 
measures facial features 
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timing 
The process that allows your 
brain to predict the future 


the brain isa powerful learning machine; 
it has the ability to learn from previous 

© experiences in order to ‘predict’ future 
events. Thisis known as anticipatory timing and 
itis what enables humans to successfully 
navigate the world that we live inand also plays 
a key role in helping us to concentrate. But how 
does the brain do this? 

Researchers think two different regions are 
responsible for its ability to ‘predict’ the future. 
These regions are knownas the basal ganglia, a 
group of structures that are found deep within 
the cerebral hemisphere, and the cerebellum, 
which is located at the back of the brain. Both 
structures are associated with cognition and 
movement. The basal ganglia is associated with 
tasks that involve rhythm -suchas singing along 
to your favourite song —- while the cerebellum is 
connected to past memories —for example, being 
able to predict when a traffic light will change 
from red to green. The researchers also found 
that ifone of these areas becomes damaged, the 
other region has the ability to compensate, and 
this is important in understanding 
neurodegenerative disorders such as 
Parkinson's disease, This research challenges 
previous theories that suggested a single brain 
system was responsible forall our timing needs. 

Most notably, the ability to predict the future is 
essential for professional athletes -it takes 
longer to execute a swing than the time a batter 
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=) Basal ganglia 
Ss The basal ganglia 
P relies on rhythm to 
predict the future. 






Cerebellum 
The cerebellum is 
associated with interval 
timing, where the brain 
uses past memories to 
anticipate future events. 


has to view the ball travelling 
towards them. 

Furthermore, researchers in another study 
found that the brain could predict events twice 
as fastas they actually occurred in real-time. 
This ability to predict the future could be the 
reason for the success - and survival - of our 
species, as we are able to predict the possible 
consequences ofan action. 
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To do, or not to do? 


We make hundreds of decisions every day; 
some are trivial, like deciding what to eat for 
breakfast, others are more complicated -and 
have consequences — such as deciding whether 
or not to apply for that job, Making a decision is 
one ofthe most essential human behaviours, 
but just how does the brain make a decision? 
Decision-making isa complex process, and 
although it has been studied for years, itisa 
process that we only partially understand. 
What we do know is that there's not one single 
decision-making region of the brain but rather 
Various brain regions —including the anterior 
cingulate cortex, orbitofrontal cortex (a region 
in the prefrontal cortex} and ventromedial 
prefrontal cortex - that work together to make a 
decision. Scientists think that the ability to stop 
or modify a decision is controlled by two 
individual locations within the prefrontal 
cortex and the frontal eye field that requires 
ultrafast communication between the two 
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areas. It's also thought that emotions may playa 
role inthe decision-making process. 

lt has long been suspected that injuries or 
damage to the anterior cingulate cortex or 
ventromedial prefrontal cortex can affecta 
person's ability to make decisions. In 1848, 
American railway worker Phineas Gage 
suffered a severe brain injury when a metre- 
long iron rod was impaled through hisskull. 
Although Gage survived, he experienced major 
changes in his behaviour and personality, and 
since then it has been thought that the 
orbitofrontal cortex plays a significant role in 
decision-making. 

Ina 2004 study, researchers found that 
different areas of the brain are active depending 
on whether the participants were told to do 
something or were able to exercise autonomy. 
Another study found that the brain is less likely 
to be able to make important decisions later on 
inthe day asa means of conserving energy. 
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The brain’s ancient threat-detection system gets us 
out of danger at lightning speed, but at what cost? e 


he fight or flight response is all- 
consuming. Your heart beats faster, your 
O}casiMGPPAT MEL MATT LscMO LPO Mase eO Slay Om TAIE NS 
SEM ceias Ore R UNEP MIe tee rel tana 
fractions of seconds to react in the face of 





danger, this is what gets you out of harm's way 
before you've even had time to think. It’s an 
EV elie) ohmic) seca tel ciate em nt cM sD et i bOR eats imp ars tae 
wired into the nervous system — your body's way 
WE cae UR MER Ce eh eel mer Laas 

The body's panic button is a walnut-sized 
piece of brain tissue called the amygdala, and its 
job is to monitor incoming sensory signals for 
Cit HutHe) MONbest: OM ie em eletctuecls Cee: Mt iect mel ecd et 
area called the thalamus, which acts asthe 
brain's sensory relay. The thalamus gathers 
inputs from the brain’s sensory processing areas 
and from the internal organs, and the amygdala 
Pe stee Neem PONE) ea tc GanenTema (ele) eM melee Ta Les 
gti Ot Tesh Gert MOCO Peel Meh RGB a dls 
body ready to fight or flee, and this involves 
synchronising all the organ systems to divert 
ele thae atone r Baie ew Bela tele 
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this is to talk to the master controller of the 
body, the hypothalamus. 

The hypothalamus sits in the middle of the 
brain, monitoring and adjusting everything 
from temperature and thirst to appetite and 
i(sts)e nite (eee BOPRRO RM OTe LOL Ge etapa te om al =d area BT 
system, which sends electrical impulses down 
through the spinal cord and out into the body. It 
also has a direct line to the pituitary gland, a 
long-range hormone signaller that pumps 
chemical messages into the blood. 

The autonomic nervous system has two parts, 
UAT MAB A MOLE lene) s) vei PiE ee eee MUS CAN AT Mee) i aay) 
the organs. The sympathetic nervous system 
revs the body up, and the parasympathetic 
nervous system calms it down. 

Nerve signals move faster than hormones, so 
the first part of fight or flight kicks this system 
POLO: Ha CePR UN CSeMAttcM ALAS UGG THe eea ma kueces 
danger signal from the amygdala, it switches 
GAeeA UST 1ON tae RUSE ACURA ED a em Aaa) 
isl CRO) es estes ls Rem Mee (weI MN sys ed br 
result inthe release of a neurotransmitter that’s 


called noradrenaline. The muscles and ale an 
APCURO ORO SEe Tile P clam OUR e era PMem ne Car reed A 
LONGO eS Oe] LOO ERAT LG MeN Oe elt mm Lae , 
Oech IPR eMC ae MOCO U Mar We Oo ae ; 
Wi etsemeeeeje sarc M Ota Uih a Tee mm at eles Wi teBci es tg 
to respond, 
The heart beats faster and the blood vessels 
constrict, boosting blood supply to the muscles 
PAM Oecd Dee ees P RM hecw ac tb eee ane ti li) as 
ta eee PTO O MMO teM seen ecu denMesteLORea tamu h cle 
releases glucose for extra fuel. The pupils widen 
toaliow as much lightin as possible, sharpening 
NEC T mae Pes nate Mm Mt om Ts RaTS es Da TU (sini ble) n nls 
sweaty, improving grip. Fora few moments you 
become superhuman. To allow all of this to 
happen, non-essential systems have to slow 
down. Blood vessels to the digestive system, 
S/OOSMU SOR SGA sleL MOG PO Re MOR ceg a eitem ates UI 
nutrients away. Saliva dries up, appetite 
disappears and the stomach stops churning. 
Noradrenaline is powerful, but the body hasa 
SSMU SMM ETP CoP Mes tsrctrel 4B tete| ect to Hemera) 
flight response to the next level: adrenaline. 
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BRAINPOWER 


The adrenal glands 
ee Rar Melee itm iG 
adrenaline, a powerfil 
activator of the fight ar 
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The sympathetic nervous system sends 
danger signals to the adrenal glands. Positioned 
just above the kidneys, these small organsare 
hormone factories, and their jobis to flood the 
blood with adrenaline. Deep inthe centre of 
each one, ina part of the gland called the 
adrenal medulla, chromaffin cells start 
adrenaline production. These cells connect to 
their neighbours via tiny holes called gap 
junctions, s0 when one receives a danger signal, 
the others respond as well. 

The adrenal glands get some of the best blood 
supply in the body, helping to get the adrenaline 
outinto the system at lightning speed. Messages 
pass through so fast that by the time adrenaline 
production starts, the brain's cortex might not 
even have clocked the threat. 

When we need to get out of the way ofa 
speeding car, we don't have time for conscious 
thought. It takes about two minutes for full 
adrenaline production to switch on, and by this 
time the cortex has caught up. Conscious 
processing comes back on line and the powerful, 
problem-solving parts ofthe brain can help with 
decisions about what to do next. 

Do we stand a chance if we stay and fight, or 
would it be betterforustoturnandrun? 
Whichever conscious choice we make, the fight 
or flight response has already made sure that the 
body is ready. 

Sometimes, the answer is neither fight nor 
flight, and the body's built-in defence system has 
a solution for that too. Ifa predator is nearby but 
hasn'tseen you yet, it can be better to freeze to 
avoid detection. The prefrontal cortex and the 
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us to turn and run?" 


anterior cingulate cortex talk back to the 
amygdala and hypothalamus. They can override 
the sympathetic nervous system with 
parasympathetic signals, slowing the heart rate 
and calming the body down inthe hope thatthe 
danger will pass. 

There’s only so long that the body can 
maintain a full-blown fight or flight response. 
We can't divert blood away from the digestive 
system all day, so there’s asecond phase of the 
response that kicks in later ifthe danger still 
hasn‘tsubsided. Thisis the stress response. 

Stress signals come through the same 
pathway, beginningin the hypothalamus and 
ending inthe adrenal glands, but they travel bya 


“Do we stand a chance 
if we stay and fight, or 
would it be better for 


The heart is at the 
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different route. This time, the hypothalamus 
talks to the pituitary gland, telling it to release 
the adrenocorticotropic, or ATCH, hormone, into 
the blood. This then travels to the outer part of 
the adrenal glands, the adrenal cortex, which 
then switches on production of the stress 
hormone, cortisol. 

Cortisol backs up the fight or flight responses 
for more long-term survival by changing the 
body's metabolism. It releases sugar into the 
blood for fuel and dampens non-essential 
systems like reproduction, the immune 
response, growth and digestion. 

The fight or flight response has helped our 
species to flourish in the face of some of the most 


dangerous situations on the planet, but it’s not 
unique to humans. The ability to adapt to 
dangers inthe environment, or to escape if 
adaptation isn't possible, isa fundamental part 
of animal survival. 

Some fight or fight responses are incredibly 
simple. Bacteria, for example, can sense danger 
in their environment and respond by switching 
fenes on and off (fight) or moving away (flight). 
But, as organisms get larger, the responses 
become more complex, 

A fight or flight system for a complex body like 
ours depends ona nervous system. We need to 
be able to speed the heart up or slow it downon 
demand to give our muscles the boost they need 
when we're in danger. Invertebrates can do this 
to some extent, but for the full experience it 
seems you needa backbone, 

Lampreys are some of the most ancient living 
vertebrates, closely related to the ancestors that 
pave rise to all modern fish, amphibians, 
reptiles, birds and mammals. Their nervous 


The pupils constrict, 
sharpening central vision 
and blurring everything 
in the periphery 





systems are simpler than ours, but they still have 
the components that are needed to build the 
fight or flight response. 

A look at the evolutionary tree reveals that 
simpler vertebrates rely more on adrenaline for 
their fight or flight responses, and as vertebrates 
became more complex changes to the nervous 
system gave their brains finer control. The 
sympathetic and parasympathetic nervous 
systems started toa work asa pair to control heart 
rate and divert blood away from the gut, and we 
all use cortisol to manage stress. 

Although the fight or flight response seems to 
be ancient, there are some unique things about 
the way in which humans react to danger. We 
are one of only two species in the entire animal 
kingdom that engages in war - bands of humans, 
and bands of chimpanzees, come together to kill 
other members of their own species in large- 
scale conflicts. It seems that this might have 
something to do with how our specific fight or 
flightsystems evolved. 


When researchers looked at one of the fight or 
flight genes in our brains, they found something 
different. There’s a protein called Adrenoceptor 
Alpha aC (ADRA2C), which sits inside the cortex 
of the brain listening for fight or flight signals. In 
lab experiments, mice born without the gene 
startle more easily and are quicker to attack, 
revealing that its normal job is to dampen the 
fight or flightresponse. 

Alook at the gene in humans and 
chimpanzees showed up a natural changein 
ADRA2C that means our brains make less of it. If 
we're anything like mice, there's a chance that 
this change might make us more volatile in 
response to fight or flight signals. 

However, our fight or flight response seems to 
come ata cost. It might have originally evolved to 
get us out of danger, butit can just as easily get us 
into danger too. 
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What is consciousness? 
Possible answers to a question 
that has baffled philosophers for 
thousands of years 


Why do we sleep and dream? 
Delve into the science of what 

really goes on while you snooze 
Science of listening to music 


Inside your mind when the beat 
soes on 


The study of neuroscience 
Chart the history of mankind's 
efforts to comprehend the brain 
Brain surgery 

The operations that save lives 
Harvey Cushing 

Meet the father of neuroscience 


Neural prostheses 
Howdo they work? 
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NEUROSCIENCE 


To consider this question, you must be conscious - it’s an Inception-level 
concept that has preoccupied scientists and philosophers for millennia 


o demonstrate just how complex a subject 

consciousness 15, let's explore the vast 

range of definitions provided by authority 
figures. The Oxford English Dictionary gives not 
one but three definitions of consciousness: ‘The 
state of being aware of and responsive to one’s 
surroundings’, ‘a person's awareness or 
perception of something’, and ‘the fact of 
awareness by the mind of itselfand the world’. 
The English philosopher John Locke said, 
“Consciousness is the perception of what passes 
ina man’s own mind.” Dr Giulio Tononi, a 
neuroscientist, psychiatrist, and leading 


Philosophers’ thoughts 


Many great thinkers have mused on the mysteries of the mind 


To highlight the complexity of consciousness, 
Australian philosopher David Chalmers uses the 
idea of ‘easy’ and ‘hard’, dividing consciousness 
into the parts that are less or more challenging to 
understand and study. An example of easy 
consciousness is whether a person is awake or 
asleep, because it can be objectively measured. 
Hard consciousness includes things like the 
awareness of subjective experience. 

Philosophers have developed many theories, 
but there are two main ways ol viewing 
consciousness. The firstis called dualism, which 
describes consciousness as an abstract 
phenomenon that is not physical. The opposing 
theory is that consciousness isa physical process 
based onthe activity of the brain and is known 
as materialism or physicalism. 

Particularly mind-boggling ideas brought to 
us by philosophy include higher-order theories. 
These attempt to explain how thoughts move 
from the unconscious to the conscious mind. The 
‘order’ part refers toa chain of thoughts about 
each other, For example, a person can feel 
hungry—thisis known asa mental state -and 
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authority on the brain during sleep, defines 
consciousness as that which “corresponds to the 
capacity ofasystem to integrate information”. 
The famous philosopher Descartes stated, “I 
think therefore lam.” And the psychologist and 
philosopher William Davidson needed six pages 
to define itin his article Definition of 
consciousness, published in the journal Mind. 
The variety of these definitions begs the 
question of what would even suffice as an 
explanation of consciousness. This needs to be 
outlined before the question ‘what is 
consciousness?’ can be answered. 


that is accompanied by the thought of feeling 
hungry. When the thought makes the person 
aware of that mental state, it becomes conscious. 
The idea is that hunger is an unconscious feeling 
until there is a ‘higher-order’ thought aboutit. So 
there is a chain, or order, of thoughts throughout 
the brain allrelating to one another that brings 
them into consciousness. Acriticism of higher- 
order theories is that they are cyclical; they go on 
forever because there is always a higher thought 
in the chain. 

Another theory is that human consciousness 
exists on three levels. The bottom level (Co) 
contains unconscious processing such as 
deciphering emotion from the facial expressions 
of others. One level up (Cijis the coming together 
and evaluation of information to produce a 
chosen response. The top level (C2) is where we 
find self-awareness and the ability to evaluate 
our own thoughts and actions. 

Philosophers don't have the means to prove 
their ideas. This is where science comes in, 
testing philosophers’ theories by trying to 
objectively measure consciousness, 
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gives not one but three different ~~ 
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NEUROSCIENCE 








Scientists’ 
thoughts 


How research is revealing 
the secrets of sentience 


scientists aim to measure consciousness using 
specialist equipment like brain scanners. These 
record a person's brain activity while they are 
thinking about different things or receiving 
different stimull. Scientists can then analyse this 
activity to look for patterns that can explain 
certain behaviours. 

Most neuroscientists agree that consciousness 
involves combining information from different 
parts of the brain. There is growing evidence to 
Sugeest that an area called the claustrum is 
Where this information is combined. Neurons in 
the claustrum connect to most other brain areas, 
especially the cortex. The cortex is the outer part 
of the mammalian brain and is responsible for 
lots of tasks, such as receiving and interpreting 
sensory information li.e. sound and vision). The 
claustrum could link all these processing areas 
and combine their products to produce asingle 
conscious thought inthe brain. The strongest 
connections (those containing the most neurons) 
are seen between the claustrum and the visual 
cortex, suggesting it could make a person aware 
of their surroundings. 

In 2017, a team led by neuroscientist Christof 
Koch found three very large neurons wrapping 
around the brains of mice. The neurons started 
inthe claustrum and had long, thin branches 
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Evidence suggests we may underestimate 
the minds of other animals 


On f July 2012, three renowned neuroscientists 
ripe sotee dates srecahapnbine J (sisted same ray a 

a= “The 
operate wa ee ce at re that ae iii: a 
not unique in possessing the neurologic al 
substrates that generate consciousness.’ 
Essentially, three experts in the field told the 
World that animals are conscious. 

The declaration goes on to say that non- 
human animals have the biological features 
required for consciousness. For example, most 
— if not all - mammals have a claustrum; if this is 
the brain area that controls consciousness, then 
SAA MAAR LEMAR LOE Meee gest eye ese faa 
complexity of the claustrum (and its equivalent 
age leg Cele Ome eRe EMail etme eal i fers 
between species, which could account for any 
differences in consciousness among animals. 
What's more, many species, ranging from birds to 
apes, are able to recognise themselves ina 


DAllimages: Getty 


052 


extending deep throughout the brain. This is 
physical evidence of information from across the 
whole brain merging into just three neurons. 

[tis important to remember that this evidence 
is just observational. Although these 
connections have been found, scientists have so 
far had to predict their function. To prove this 
hypothesis, scientists must demonstrate that 
something directly causes something else. This 
has not yet been done for the claustrum, so its 
true function remains unknown. 

The main way scientists demonstrate the 
function of brain areas is to look at what happens 
when that area is missing. This could be because 
ithas been damaged through injury or illness, 
removed surgically, or simply because a person 
was born without it. For example, removing the 
visual department inthe brain leaves the 
individual blind despite their eyes remaining 


The ability to ¢ noe 


















mirror, showing the self-awareness that features 
in some definitions of consciousness. 

Despite the evidence of consciousness In 
animals, many still dispute it. This could be 
a[=lees (Oise [6 PMMA ai Mma eee |e le 
feelings like our own makes our treatment of 
animals (such as in the meat and dairy industries 
or animal testing) far more unethical and immoral. 
It’s easier not to face moral dilemmas like this by 
denying animals are sentient beings. 
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intact. To show this, only one brain area must be 
missing, otherwise there is no way of knowing 
which missing partis responsible for each 
function lost. It has so far been impossible to 
destroy or remove the claustrum alone because 
ofthe vast connections it has, and doing so 


would cause widespread damage tothe 


surrounding brain too, 

some studies have investigated the claustrum 
in cats, but the results showed the brain cells 
only responded to individual features rather 
than combining information. This opposes the 
theory that the claustrum brings together 
multiple pieces of information. However, the 
animals in this study were unconscious, so the 
results could be interpreted as showing the 
claustrum actually is involved in consciousness, 
because it does not function properly when the 
individual is not awake. 

Dutch neuroscientist Bernard Baars uses 
the analogy ofa theatre stage to illustrate 
consciousness. Ifa dark stage represents the 
unconscious mind, then consciousness is 
like a spotlight of attention on the stage. He 

views consciousness as a scale from 

long-term to immediate (or working’) 

memory, which is only held fora few seconds 
while the brain is conscious of the subject. 
The spotlight is focused on the immediate 
memory while the rest of the brain’s 
processing takes place in the dark areas of the 
stage that the person is not aware of. 

Memories are made and strengthened by 

repeated communication between certain 
neurons. Ithas been suggested thatthe 
continuous use of the same neurons ata given 
time shows the person is accessing certain 
memories and therefore becoming conscious of 
them. Some neuroscientists believe the network 
of brain cells involved in working memory holds 
information in the unconscious, and the activity 
of these brain cells brings it to consciousness, 






An MRI scanner is used as 
a non-invasive way to look 
inside the brain while an 
individual is conscious 
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“If ag dark stage represents 
the unconscious mind, 
then consciousness Is like 
g spotlight of attention” 
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understanding consciousness 





Knowledge is power, and consciousness is no exception. Discovering more about 
consciousness would benefit a lot of people 


Numerous mental health conditions are based 
on conscious and subconscious thoughts, For 
example, people with obsessive-compulsive 
disorder (OCD) -—a broad condition involving 


repetitive behaviours and routines - may 


experience intrusive thoughts, These are 
negative or inappropriate thoughts that occupy 
their conscious mind, Thoughts like ‘Have | 
locked the front door?’ or ‘Did I leave the stove 
on?’ can overcome the person, meaning they are 
unable to think ofanything else in that moment. 
Post-traumatic stress disorder (PTSD) and 
personality disorders can arise from people 
forcing certain distressing thoughts out of their 
consciousness. This results in unhealthy coping 
behaviours and leads to unpleasant experiences 
such as flash-backs, where the upsetting 
thoughts and images suddenly enter the 
person's consciousness. Having a greater 
understanding of what conscious thoughts are 
and how they come about would no doubt be 
useful for therapists and could help them treat 
mental health conditions more effectively. 


What Is dreaming? 





sleep 1s 80 poorly understood that there are no 
effective treatments for insomnia. Existing 
medications are highly addictive and cause 
hangover-like effects in users. These drugs 
sedate patients rather than inducing genuine 
sleep. Scientists cannot truly understand sleep 
while the unconscious mind remains a mystery. 


A better understanding of consciousness could help treat 
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Numerous studies have shown that people can 
learn subconsciously, but the reasons behind 
this are not yet understood. Once scientists 
unpick the basis of unconscious learning, it 
could be used to improve the education system. 
It could also have massive benefits for children 
and adults with learning difficulties. 


During sleep the brain is active enough to conjure up the weird and wonderful things we call dreams 


All animals sleep, and most also dream while 
they're asleep. Live brain scans of humans 
dreaming show activity mainly in the parts of 
the brain controlling vision, memory, 
movement and emotion. 

ia SLAC ats Lema ge cle Mars iaeel cers ual ae Mom 
just a by-product of sleep but actually has 
multiple purposes. One function is to cement 
memories in the brain by re-living them. 
Waheede eta ele | SOR ot tote) Balle oer ee eda epee 
without the presence of the anxiety hormone, 
noradrenaline. This means the emotional 
impact of memories is removed, so they can 
OTM ac-Tan tap eld eat SLM eat le dis em Ma ie: Lak 
I ANCeL a(S) got ele gt Mele -d cee eel et bane 
serves to help our mental health by making 
STB] uaa te ete tom els La 

Dreaming also recalibrates the brain. 
Resetting the processing centres to default 
allows for more precise functioning the next 
day in tasks like facial recognition. 
Additionally, dreams look back on all 
knowledge learnt and aim to find rules and 
patterns init. This is how children learn te use 
grammar without being able to define what 
the rules of grammar are. Dreams look at 
information with a creative eye to interpret it 
differently - this explains why people often 
Wake up with solutions to problems that 
SUM e Se Mdm | nee 


The brain activity of this woman 
is being measured using 
electrodes while she sleeps 
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Learning is no longer unique to living beings. 
Artificial intelligence (Al) is the ability of 
machines to perform tasks that would ordinarily 
require human intelligence, such as recognising 
faces or calculating sums, It has already proved 
invaluable for things like cybersecurity. 

Intelligence, artificial or natural, is formed 
through learning. Machines are taughtin much 
the same way as dogs are taught new tricks: with 
punishment and reward. The computer is taught 
the concept of punishment and reward and 
then, instead of bone-shaped biscuits, it receives 
virtual rewards for correct responses. Butifa 
system can understand the concept of 
punishment, then can it feel suffering? Ifa 
machine did not ike what was being done to it, 
and had sufficient learning ability, could it break 
free and seek revenge? Would the creators of Al 
be responsible for its wellbeing like a parentis 
responsible for that of their child? If Al can suffer, 
does it deserve to have rights? 

Alisalready used in home personal assistants, 
like Amazon's Alexa, which act as companions to 


consciousness 
We make machines that can walk or talk 
like us... but could they ever think like us? 


E: "Conscious artificial intelligence 
aay: ‘become. a reality i in the 


not too distant future 


many people. For 
example, some 
people with 
dementia use 
systems like Alexa 
to help them 
perform daily tasks 
and answer their repeated questions. This 

can provide vital respite and a sense of security 
to those caring for them. Conscious Al could give 
an even more interactive and personal 
experience for these people. Would you deny 
someone who is socially isolated the chance ofa 
companion because of the ethics of what is 
essentially an electronic slave? The NHS classes 
dementia as a ‘disorder of consciousness’, so 
who takes priority: the partially conscious 
human or the fully conscious machine? 

These questions have been fiercely debated by 
professionals and the public, but so far they are 
purely hypothetical. While Al is still 
programmed by humans rather than making its 
own decisions, itis not considered conscious. 
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Thinking back to the levels of consciousness, Al 
can currently only operate at the most basic 
level, Co, which is processing that happens 
subconsciously in humans. Because scientists 
are yet to fully understand consciousness, they 
can't replicate it in machines, although this 
reality is not faraway. Once scientists figure out 
how human consciousness is achieved, the same 
equations already used insimpler Al tasks can 
be transferred to produce consciousness. 
Therefore, the potential benefits and risks 
associated with a sentient form of Al must be 
balanced before it is developed and the issues 
are upon us, at which point it will be too late to 
turn back. 
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our 
dreams 


Far from resting, our 
brains are working hard 
while we sleep 


| tthe end of along day, there's nothing as 

A inviting asa cosy bed. After little sleep 
the night before, a day packed with 

activity or hours of solid concentration, it can 
become a challenge just to keep your eyes open. 
Most people are lucky enouch to sleep 
comfortably and safely, but becoming 
unconscious and paralysed put our ancestors at 
risk of attack from enemies and animals. The 
benefits must have outweighed the dangers, but 
why did humans evolve to spend so much of 
their lives asleep in the first place? 

The real answer is that no one’s completely 
sure. While we've moved on from Lucretius’ 
theory of ominous air particles attacking the 











spirit each night, many of the exact details about 


our time spent slumbering remain a mystery. 
What we do knowis that sleep is vital for our 
health and that a total lack of itis dangerous, 
leading to effects like hallucinations and 
eventually death. 

We often think of sleep as a time when the 
brain and body are dormant and still, but alot 
goes on while we're snoozing. One of the most 
important functions of sleep is allowing the 
brain time to process information. Evenina 
seemingly boring day you're taking in huge 
amounts of information, and the brain needs to 
sort through the data, make connections, throw 





During REM sleep, 
brain activity is 
almost as high as 
during wakefulness 


outanything unimportant and file the rest 
neatly away. Sleep gives the brain a chance to 
convert or consolidate short-term memories and 
scraps of useful information into long-term 
memories by strengthening neural connections. 

All this processing goes partway to explaining 
why children -and baby animals of most 
species, forthat matter -needso much more 
sleep than adults. As well as requiring lots of 
energy for physical growth, babies and children 
are constantly laced with new information and 
things that need remembering. To function and 
develop optimally, a one-year-old child needs to 
sleep for 11 to14 hoursa night, 

Adults should aim for seven to nine hours of 
sleep, but many people average much less, 
Side-effects of sleep deprivation include 
prumpiness, clumsiness, difficulty 
concentrating and forgetfulness. Trying to 
recover, regions of the brain can become inactive 
and fallinto a localised sleep while a person is 
awake. The extremely sleep-deprived can even 
slip into microsleeps, lasting about a second and 
oiten going unnoticed, 


10 most common dreams 


According to some, sleeping brains reveal secrets about our waking lives 








7 Flying 


Falling 

Fear of failure orchange, : Feeling free and confident 
reconsidering a choice, : or wanting to escape a 
clinging too tight. ! certain situation. 
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: Being chased 

| Adesire to escape froma 
: situation, feeling, memory 
' or person. 


: Teeth falling out 

: Worry about appearance, 
- rejection, powerlessness 
: or saying the wrong thing. 


: Pregnancy 

: Personal development, 
: new ideas or fear of new 
: responsibilities. 


: Naked in public 

: Insecurity, worry about 

: true self or shortcomings 
| being éxposed, 


Failing an exam 
Low confidence in 
abilities, fear of the next 
big step, work stress. 


: Out-of-control 
: vehicle 

3 Not being on the right 

| track in life, losing control. 


: Finding an 

- UNUSE 1room 
Fieerurinid anew side to 
: yourself or a new talent. 


: Unable to 

: find a toilet 

:; Being unable to express 
Or meet your own needs. 


Mae OR yey 
tiles ke 


Bal iar lap el RE Ts Us| and etd | 
Dime eet masa lies eee series 


Ue ERE MCU RIPE Cem 
BCU] ne eMule] person ees eretaTta 
three and six elec eae aes although cia 
aa remember about five sted geet e) bee) an 1 
They can occur during any of the five stages of 
sleep, but the most vivid and detailed take 
place during ra Si movement (REM) eae 
PLS Lee etn is at its most active. 

aerate] REM sleep fiat eres rN a oe 
muscles that move, which can lead to people 
Biol) Peeled and trapped in feriateat elas 
Rn cag erst elas emer te ol 
ris rT a tT) conditions cals STE TT ellgiaree 
ei cs Bole af iets ern ished ets) Reis a 
Mier emia mts ets) oe and they sometimes even 
4 eite ites [olga lag 

Mite em eee Port about the purpose 
ees ete iia of dreams. These include find 
ari using dreams to connect eae sige 
tum alee Ve CORSA Ei eile aatia (eg iat ae 
B91 et isle addressing thoughts and ollie ela 
are too overwhelming to deal with during the 
CEN ne it could also be the sleeping brain 
Uso] eae Stet ater] rele or 
eee AE) revealing secret thoughts suppressed 
Drees ete eer ome 

Another idea is that dreaming prepares us 
mists eat eR Ata ome =h) eral aa sia Lely aces 
eee aT brain can piece ele gg a 
aE t | See eee ei nea) '- 
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Hidden damage 


This sagittal MRI scan of a brain reveals a 
hypophyseal atrophy (tissue wastage ina 
network of blood vessels located at the 
base of the brain. 
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Music has a 
ee ome AMR dee 








On MUSIC 


What happens inside your 
head when you are listening 
to your favourite tunes? 


» rains are complex, asis music, so teasing 
out the neurological response to melodies 
is something ofa challenge, but 
researchers across the world have been working 
to demystify the baffling science behind it. 

The first components of music to be processed 
by the brain are the basicsounds-— pitch, length 
and volume. From this, the brain then teases out 
melody and distinguishes between different 
instruments. This information is then compared 
to memories, establishing whether the incoming 
sound is familiar and revealing any linked 
emotions. All together, the processing leadstoa 
response, whether that's switching the song off or 





starting to dance. And if you move, that feeds back 


into your brain again, affecting the experience 
even further. 

Some of the complexities of the brain's 
response to music can be revealed by people with 
damage or injury to their brains. By seeing what 
happens to the ability to process music after the 
brain is injured ina certain place, and by 
observing how that improves as the brain heals, 
scientists can start to piece together which parts 
of the brain are involved. This isaided by 
advanced imaging technology, such as functional 
MRI scanners, which can monitor the activity in 
different parts of the brain in response to music. 

One major revelation from this kind of work is 
that musicis separate from language, Aphasia is 
the medical term fora neurological disorder that 


our brain | 


Processing music 
lyrics and emotion 


masts ees 
Greece ene 
incoming sound 
information with the 
other senses, such 


ere) a 


Frontal lobe 

Ra eR ice ee) me ems 
coordinates your 
emotional and 
behavioural response 
om Wal ageLd| ee 


pe] eleta (ayy 
temporal gyrus 
This region specialises 


in stringing sound 
information together, 
keeping track of lyrics 
and melody, 





results in difficulty speaking. Itcan happen asa 
result ofa brain injury, like astroke, and makes it 
challenging for people to find the words that they 
need to express themselves, but strangely it 
doesn'talways interfere with their ability to sing. 
Similarly, people with a stammer may struggle 
withspeech but can sometimes sing asoneg 
without hesitation. 

Around one in 20 people is tone deaf, or 
‘amusical’, and has trouble identifying the notes 
inatune. Brain scans have revealed that the 
white matter in the area involved in processing 
sound is thinner in these individuals, indicating 
thatit could be less well connected thanthe same 
pathways in their musical counterparts, 


Different areas of your brain come 
together to handle rhythm, melody, 


Planum temporale 


Raises masse es eee laa aise 4 


sounds, picking out rhythm, 
timbre and patterns. 





Auditory cortex 

This part of the brain receives 
Op smee ate Ma ee MPO nag) em ers) aay 
EU Mae eee Leg a |e ge 


Bane (eee ee erie 
The hippocampus, 
amygdala and other 
rd gM es) eee 
fetore|UPR RMN 10g elm 
Pe | e AA elae Beas 
responses to music, 


Insula 

eRe eee ee 
cerebral cortex and is 
involved in recognising 
Flamed 


The music entering your 
ears is just the beginning 

























Why does music 
give you ‘chills’? 


Good songs can make your hairs stand on end, 
and this is thought to be triggered by the way 
that our brains are wired. Music taps into the 
parts of the brain involved with emotion and 
reward, and listening to certain tunes can light 
up the same areas tickled by food and even 
drugs. At the same time, Music seems to 
decrease the activity in the areas of the brain 
involved in fear. Getting goose bumps is linked 
to arousal of your autonomic nervous system, 
which comes hand in hand with an increase in 
heart rate and deeper breathing. Researchers 
looking into exactly what triggers this think that 
it might have something to do 
_ eT Ed eR 8) gic 
a, Mute del ste ete Bee ea 
= the music are 
" q particularly good 





iene nee) 
this response. 
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singing sound better 


in the shower? 





Why do we tap 
our feet to music? 


The urge to tap your foot along to a strong 
beat is often irresistible. It was previously 
believed that our movements in response to 
music reflect how we perceive that it was 

eg -t=)d-16 ees] Oe NS Cecelia ecm enna at 
erste dele Rte el ele em ele sla mn iolalals 
Op M ge ee a (Ola ae ene eM ere Metts | ges 


suggests that tapping your foot may influence 
ame eee ol eee omen elem acca allele mere 
nies) (ene, pbaueas wt Wrale es [ecm a arsl eats Pe 


What makes | 
songs so catchy? 


Researchers have an interesting way to 
describe this phenomenon = they sometimes 
refer to it as a ‘brain itch’ or an ‘earworm’. 
Some songs seem to get stuck in people's 
iis MNS) -e]ne-) eaa [eel de lee mde 
ears tingle) mcs eae es arse lsd ecl a eco 
catchiness, Researchers working in the field 
have noticed that catchy songs tend to have 
short, repetitive sections, and they also often 
have some connection to the listener. A 
SMO eee ene er ee ere dee 
a cultural connection = such as lyrics that you 
can relate to - both help to get a tune stuck in 
your head. Ultimately 

though, a song 
that is catchy 
eum ats) 

person 

nie) nena) 
nomads 
Saeed 


| 
iar 


“Around one in every 20 


What are 


people Is tone deof © 


This is down to acoustics. If you sing in a big room with 
plastered walls, the sound travels a long way before it 
reaches an obstacle, and a lot of the vibration is absorbed. 
Ina bathroom, the room is smaller, and the tiles or glass 
reflect the sound back at you in all directions. This creates 
sae ee ee AP secede area 

the sound is louder, and ——— 

tare Man ids) (Mesid (=r dral ye 
help to even out any 
aaa eae | 
your voice. The 

size of the 

shower cubicle 

also has a part 

Loe Amel 
frequencies 

tend to be 

STAT ite emnn Le) es 
Lins lamal (| cie 

ere Pms ale a 
voice sound richer. 








tele at 
of music? 


People have been making music for 
millennia, and the oldest known 

Le uaa eee) t ele ee OLR re ee a 
are bone and ivory flutes, discovered ina 
cave in Germany alongside other early 

MIU leae:|Eesle mec le ele ah ante nee Ce ao) | 
generally believed that music was around 
a long time before the first instruments, 
as people used their voices to make 
melodies. Being able to produce music 
could have helped with social bonding, an 
idea that is sometimes described as “vocal 
grooming’. These kinds of cultural 
advances are thought to have given our 
species an edge over our human-like 
cousins, including Neanderthals. 
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-edge neuroscience 


he human brain is one of the most complex structures in the known universe and understanding how it works is an enormous scientific undertaking. 


uttin 





Modern neuroscience brings together experts from a huge array of fields, and by using a combination of the most advanced technologies, medical 





Large-scale projects aim 
to simulate the human 
brain at every level 


DNA and 
neurotransmitters 

At the molecular level, 
scientists are able to 
manipulate the 3D structures 
of proteins using computer 
programs and to model the 
effects that changes might 
have. Such techniques are 
hugely useful in drug design. 


Nerves and 

support cells 

In order to gain a proper 
understanding of how the 
brain functions, many 
scientists advocate a 
bottom-up approach. By 
creating digital neurons based 
on the underlying rules and 
principles of biology, it is 
hoped that the complex 
network of the brain can one 
day be simulated. 


Neural pathways 

Some projects aim to map all 
of the connections in the 
human brain, generating a 3D 
representation of the intricate 
wiring. Others aim to simulate 
the process, allowing the 
computer to make its own 
connections based on 
biological rules, 


Lobes and structures 
Simulations will allow 
information about different 
structures in the brain to be 
integrated, enabling scientists 
to more closely examine the 
interactions between different 
areas or even to remove one 
region and study it in isolation. 


Whole brain 

In 2013, the K Computer in 
Japan carried out one second 
of simulated human brain 
activity. With 705,024 
processor cores, it took the 
machine 40 minutes ta 
simulate a network just one 
per cent of the size of the 
human brain, Advanced 
processors due in the next ten 
years will increase this 
capability significantly. 


062 





techniques, biological research and computational modelling, scientists are finally beginning to untangle the many profound mysteries of the brain. 


Building a brain 


How mind 
control works 


Simple equipment and complex computer programming 
allow our thoughts to be transmitted over the internet 













EEG recording Signal analysis 
As the sender watches the game, he The signal is sent to a computer, 
decides to fire the cannon, generating where it is compared witha 
arecognisable EEG signal. _. known pattern. If it isa match, 
‘ it is transferred. 
= ae | == |__| S| = SS | Sf SS SS SE S| BH SS BSP SP SP Se SS SK SS 
Wireless transmission : 
There is no need for the two brains to ; 
| be physically connected; the digital \ 
pees -== signal is transmitted over the internet. 1 
ea seh Bet ene ot a 
; TS | Push the button 
Using transcranial magnetic .. The artificial signals 
stimulation, an electrical _ trigger the receiver to 
the receiver's scalp. gy x key press is relayed 
| back to the first 
Bereta esp od ee ae 1} computer, winning 
ee ee hi gl et ad wt ee EL 








Ina groundbreaking experiment in 2013, researchers at the University of 
Washington successfully linked two human brains together and proved their 
principle witha video game. 

A city is under attack by pirates and player one, the sender. must intercept 
their rockets. They can see the screen and are armed with a cannon, but they do 
not have a keyboard and cannot press ‘fire’. Player two, the receiver, is sitting in 
another room; he cannot see the game, but he does have a keyboard. Player one 
thinks about firing the cannon, and fractions of a second later, player two pushes 
the button, saving the city and winning the game. 

Player one was wired up to an electroencephalogram (EEG) and his brain 
activity was being monitored. When he was thinking about pressing the button, 
there was a characteristic signal in the ‘mu band’ of the EEG, triggering the | 
program to send a wireless signal to player two. 

Player two was wearing a specially designed coil on his scalp that generated a 
magnetic field, positioned over the part of the brain that controls contraction in 
the right hand. The signal from player one was converted into magnetic 
stimulation, which in turn triggered electrical activity in the brain, causing player 
two to involuntarily fire the cannon. 
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Crech Johannes Purkinje Pierre Paul Brora identifies 


Camillo Golgi and Santiago 
details of his patients, the brain is resporsible for describes a nerve cell for the the region of the brain Ramon ¥ Cajal share the Nobel 
HISTORY OF producing the first written sensory perception and the first time: the large, branching responsible tor speech, now . Prize tor demonstrating that the 
NEUROSCIENCE example of the ward ‘brairy, control of movement, neurons of the cerebellum. known a5 ‘Broca's area’ brain is.a network of neurons. 


Decoding the brain im Get involved 
Computer programs can learn to decode brain-scan Via ey gs | 


data and essentially read our thoughts 
Citizen scientists are needed to 


Training images fMRI scan Voxel pattern Tel eel Rete | 
The program is trained using a series Functional magnetic resonance imaging The fMRI data is stored as voxel the human retina 

of images, alongside their is used to identify the parts of the brain patterns, three-dimensional 

corresponding fMRI patterns. activated by different visual stimulation. grids of information. Developed by the Seung Lab at 


UUM ae ele ea) el els otters | ae 
known as EyeWire, is a project 


=SHOE the retina. Anyone can play; all 
you need is a computer and an 
internet connection. 

EyeWire is a 3D puzzle game based inside a 
cube, The cube is divided into slices and hidden 
within them is the path of a neuron. All you have 

=CAT to do is scroll through and connect the slices 
together, tracing the path of the nerve cell 
through the cube. 

As you work, a 3D model of your progress 
appears to the side of the screen, and you can 


a | earn points based on haw closely your model 
= matches the models made by other players. You 
=o can earn points, level up and even participate in 
eS =SHOE weekly competitions. 

Lad Every time you play, you are mapping actual 
= neurons from the human retina, making a real 
Test image identification contribution to scientific research. 

When the subject is shown a new image, the program searches = ‘If the program cannot find an exact match, it ; 

through its training database to find the nearest match. will use its training data to find a best estimate. 

| = | : | Me 
A machine that can read your mind 
Have you ever wished someone else could see program was then trained to associate patterns of 
what you can see? A team at the University of brain activity with their correspanding images, 
California, Berkley, have developed a program that Using this data set as a reference, the program 


can tell what film you are watching just by reading was then shown new fMRI data recorded as 
your brain activity. The program can even read the people watched unknown clips. The program was 


exact image you see and display the moving able to compare the new data against its training 
mental images on a screen. data and quess what the test subject was 
Volunteers were shown hours of video clips and watching by compiling and averaging the closest 


for each one their brain activity was mapped using matches into moving collages. The resulting 
functional magnetic resonance imaging (FMRI. The pictures were eerily close to the original clips. 


Growing a brain 
In 2013, scientists at the Austrian 
Academy of Sciences achieved 
Se TP aN NOM nm ecel Pl ones es ee ers a 
a) eM plant lo Beles tee tees ee tial 
combination of embryonic stem cells 
SAP est ag eo) Colt teel nel 0) | me ala B 
the team recreated the 
Weasel et eu U em ONT Binal sate 
structure that qoes on to farm the 
eel Beda sets ae) co 

The cells were put in three- 
dimensional scaffolds to give them 
gang ee eal: eee eee ale ee 
MMU ssE MN IOLCH ele $ peer Aalbers [ne 
allowed to develop. Amazingly, the 
UGG Uae Capel ce plete mag en tay hee 
something resembling the brain of a 
Wd =el Lats) geen ales |e re 
the pigmented cells of a retina, others 
developed a cortex, and some even 
had a hippocampus. These mini-brains 
were about the size of a pea and 
incapable of thought, but they provided 
a Valuable tool for researchers. 


Korean scientist Sebastian Seung is the pioneer 
behind EyeWire 
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If you thought rocket scientists had to 
pay attention to detail, wait until you 


meet this lot... 


here is still so much we don’t know about 
the human brain. However, ifsomething 
poes wrong and it needs an operation, you 
will find yourselfin need ofa neurosurgeon. 
These guys can operate on the vast number of 
structures within the brain and spinal cord and 
have a fullarsenal of techniques and — literally 
— cutting-edge technologies to hand. 

Aneurosurgeon’s workload comes in two main 
forms. The emergency work is oftena result of 
road traffic accidents or fights and often affects 
young men with head injuries. These patients 
may have bleeding within the skull, which is 
exerting pressure on the brain-the 
neurosurgeon must relieve that pressure. There is 
also the planned work, where neurosurgeons try 
to remove tumours without causing any damage 
to surrounding structures. 

The technology starts a long way before the 
operation. Advanced CT and MRI scans allow for 
3D reconstructions and images that we couldn't 
have even dreamed ofa few years ago. This allows 
neurosurgeons to plan the precise timing and 
nature of surgery -— where to cut and how deep to 
make the incision. The imaging falls withina 
team approach to caring for these patients, as the 
team is just as important as the technology. 

Surgery is becoming less invasive as time poes 
on. The advantages of this are smaller incisions, 
less disruption to surrounding tissues, less pain 
and shorter hospital stays. Surgeons now often 
use powerful microscopes with bright lights to 
help them remain as precise as possible. These 
microscopic techniques require a huge amount of 
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Let’s look 
inside the 
skull... 


The skull 
The shullis.a rigid, bony box that 
surroundsand protects the brain. 
However, itwon'tstretch to 
accommodate any increases in 
pressure inside, so bleeding can 
rapidly compress the brain. 
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The pituitary gland 
The pituitary is a gland that 
helps regulate the 
hormones in your body. Lf 
it's producing too many 
hormones and won'tsettle. 
surgery can be carried out 
onit...via the nose. 


The meninges 
The meninges are the three layers that surround the 
brain and spinal cord. They help carry blood and 
nutrients to and from the brain, but they canalso go 
wrong - tumours can develop on their surface. 


The brainstem 

The brainstem is vital to keeping your lungs 
breathing and your heart beating. Surgery 
here is very difficult as it's so inaccessible, 





a DK Images 


Blood vessels in the 
subarachnoid space matter of the brain 


The grey matter 

The grey matter contains complex areas of 
memory, personality and function. Surgery 
here can have few effects oritcan have 
devastating effects, suchas taking away 
your memories or changing 

your personality. 


The ventricles 

The ventricles allow aspecial fluid — 
cerebrospinal fluid —-to circulate around the 
brain. lfthey get blocked the brain can swell 
rapidly, and the pressure can cause 
headaches as the meninges stretch, 


The cerebellum 

The cerebellum controls your fine 
movements, Surgery here can leave 
you with balance problems. 


Layers surrounding 


the brain 





the skull 


White and grey 


“CT and MRI scans 


gllow for 3D 
reconstructions 
we couldn t have 
dreamed of a few 
years ago 


Why do you need 
brain surgery? 


Some of the common reasons 
for performing brain surgery 


Trauma 

Often following road traffic accidents or fights, head injuries are 
common —especially in young men. They can range from minor to 
life-threatening. Sometimes surgery won't help, but ifthe bleeding 
can be stopped in time, you need a neurosurgeon. 

Appropriate procedure: Craniotoniy 

Procedure length: 1-4 hours 

Recovery time: Weeks to months 

Effectiveness of procedure: If early enough completely effective, [flate 
itcan be devastating. 

Severity of condition: ae Difficulty of surgery: Sasa 


Tinncais 

Brain tumours present themselves ina variety of ways -some people 
have headaches, some have co-ordination problems, and some have 
nosymptoms at all. Metastatic tumours, where growth is from 
anothersource [such as breast or bowel), are the most common type. 
Appropriate procedure: Craniotomy or stereotactic surgery 
Procedure length: 2-12 hours 

Recovery time: Weeks 

Effectiveness of procedure: Ranges from no effects tosevere effects. 


Severity of condition: Sneee Difficulty of surgery: RB 
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Carcheal a aneurysms 

Swellingsin the fine blood vessels within the brain can burst, leading 
to devastating bleeding. Preventing the bleeding is the trick here, 
Appropriate procedure: Endovascular coiling 

Procedure length: 1-3 hours 

Recovery time: Days 

Effectiveness of procedure: I[ coiled before a major bleed, it'slikely to 
providean excellent outcome. | 
Severity of condition: ———e Diltieiy ampere as 








coieiey 

Surgery forepilepsy isn't for everyone. In some cases, where 
medicines can't control the fits, surgery may be appropriate if the fits 
are arising from one area, 

Appropriate procedure: Temporal lobectomy 

Procedure length: 2-4 hours 

Recovery time: Days 

Effectiveness of procedure: There is a95 per cent chance of success in 
selected patients. 


Severity of condition: ae ene of surgery: aia 
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Parkinson’ S Hincuke 

Some patients with Parkinson's disease will benetit from some extra 
stimulation of their nerves, Implanting.a special nerve ‘pacemaker’ 
isn't easy, but this deep brain stimulation can produce stronger signals. 
Appropriate procedure: Deep brain stimulation 

Procedure length: 2-4 hours 

Recovery time: Days 

Effectiveness of procedure: Medium to food. 


Severity of condition: BI Difficulty of surgery: 
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The right 
r 








tools 
the job... 
Discover the 
equipment used 
by brain surgeons 








1 Mary in ar 2009 


Guglielmi 
detachable coil 


These platinum wires are 
fed into small aneurysms 
(enlarged arteries} within 
the brain via an artery in 
the groin. Once coiled up 
inside the aneurysm sac, 
they stop blood flow and 
thus prevent bleeding. 





Surgical 
microclamps 
These small clamps canbe 
used to grab tumoursto 
help the surgeon dissect 
them away from 
surrounding structures. 





microscope 
These powerful 
microscopes with bright 
lights enable surgeons to 
operate through tiny 
incisions or keyholes, 
which prevents damage to 
those important 
surrounding structures. 
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skill, dexterity and hand-eye co-ordination 
that would impress even a fighter pilot. 

New neuronavigation techniques and 
robotic surgery can help surgeons get to the 
hard-to-access places, which previously 
would have been inaccessible, Special 
scanning cameras and computers are used 
during the operation and are matched toa 
pre-existing scan to guide the surgeon's 
hand—-much like the satellite navigation 
systems used by drivers. Neuroendoscopy, 
which involves the use of tiny cameras to 
access the brain, is opening up many new 
opportunities in brain surgery. Incredibly, 
it’s possible to access the brain via a tiny cut 
in the back of the nose. 

The brain is the network hub of the human 
body, co-ordinating all ofthe sensations we 
feel and then providing instructions forthe 
complex movements we perform. Although it 
receives all of the pain signals from the body, 
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outis easy —leaving in what's 
NAO SER UAE emcee eee nT 
precisely where to cutis the 
difference between afoodanda 
bad functional outcome for the 
patient. Especially in young people, 
aeaM OUTER eCN LO Me eAtecs msi ECON hoes baer 
memories is justas important as 
staying alive, CT scans use multiple 
A-rays to build up pictures and are 
Talal eRs [MSCS a Tee (hms) (set ea tam ica 
ies DG MPR ORts TaN lees TOM Maranon wie 
SANRCM OIG RO) Ma blcecl Ch lSnr-R GUL aeniD 
cells; these are best at looking for 
tumours. The latest technology 
item Tae adam ile dajelel isles 
computers to build up 3D models of 
individual nerve fibres based upon 
the direction of movement of water 
Gat ieMa acim lee meron er (el emU eae 


This brain tumour needs — 
to be removed. 


A roadmap of the aid shat 
of nerve fibres is created. 


3D reconstruction helps 
the surgeon plan a route, 


ene 
can be avoided. 


the brain itself doesn't have pain receptors. 
This means that there is potential for 
neurosurgery to be carried out with the 


Insertion olan 
electrode 


atta tals 
Siegel eal 
Reta aU tia es 
discase 


patient awake, However, there are pain 
receptors located inthe skin, muscles and 
linings that surround the brain, so it 
certainly isn't for everyone and it isn’t 
performed everywhere, 

Incredibly, there are bits of your brain that 
you can survive without - and you might not 
even notice any difference. It really depends 
on which part of the brain is removed — 
remove even asmall part of the brainstem, 
for example, and you'll die instantly. 
However, removing or cutting larger parts of 
the main brain can leave just a few effects, 
such as memory problems. However, these 
discoveries were often made at the peril of 
surgeons operating and experimenting on 
patients in years gone by, whichare now 
lessons confined to the history books. 





The movement of water 
ES eee Bem uaee an 
MRI diffusion techniques. 


Conventional MRI images. ———————_______ . 
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Pern tools for 
A breakthrough technique ao ; the iob 

that increases operability Moving forwards e JON... 
pe iekiscsctiaesceeni Discover the 

toaccessareas thatwere equipmentused 


ee Dene Realy ep ereHE: by brain surgeons 
Su reeons pain access by 

poing through the back of 
the nose and the sinuses. 





This technique can be used to get 


ie | 


—— jumoursaround the base of the 
fe) skulland the topofthespine. 
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Navigation 
systems 

This advanced computer 
system merges pre-operative 
CT and MRI scans with 
intra-operative information 
gathered from lasersand 
infrared. The result isa map, 
that surgeons can then 
followin order to safely 
navigate to tumours located 
in hard-to-reach places. 
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Scarless 

Small tumours.and those 
up to the size of tennis 
balls can be treated this 
way - but the patient still 
remains scaness! 
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The right kit for the job 
Asuper-specialisedtinycamera §& 
and lightisinserted via the back 

Of The nose to pet access, 


Burr-hole drill 
Although not used much any 
more in the Western world, a 
drillis used to evacuate 
blood clots that form around 
the brain following 


cn =. @ 
Ti me-critica I q ; | accidents. They are still used 


See eta 








3 | ) Scalp insome parts of the world, 
A haemorrhage needs urgent | 
attention to save a life Dura inater e") 
Clot a 
Ablood vessel has broken, i | 
forming a clot (haematoma). ——_ ———— 


Under pressure 
The clotis causing increased 
pressure within the skull, 


Haemostat 





squeezing the brain. 

Avital surgical tool, a 
Skull haemostat isa scissor-shaped 
Since the skullis rigid, the brain is forced downwards ? | 
towards the only exit-into thespinal column. This REWIES HARE (6 SORE 
rapidly leads to death unless treated, asitdamages the bleeding. They are locked in 
vital brainstem. place viaa series ol 
see . | interlocking teeth, which can 
Life-saving -F be varied according to the 


In true life-saving surgery, a surgeon will cut 
away a small piece of skull (craniotomy), clear 
away the clot and stop the bleeding. 


amount of pressure needed, 
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NEUROSCIENCE 





Harvey Cushing - 


§ the father of modern-day neurological 
surgery, Harvey Cushing pioneered the 

, medical profession, inspiring future 
generations to reap the rewards of hisinsightful 
studies and profound discoveries. 

Born in Cleveland, Ohio, in1869, he was the 
next generation ina long line of physicians, 
following his father, grandfather and great- 
grandfather. Inheriting a thirst for knowledge 
and aptitude for science, Cushing graduated 
from the prestigious Yale University in 1691, His 
first venture in the world of medicine began 
while studying at Harvard Medical School, 
completing his degree four years later, 

To this day seen as the hub for surgical 
excellence, Cushing moved to Baltimore to train 
at Johns Hopkins Hospital as asurgeon. Under 
the watchful eye of William 5 Halsted, a surgical 
pioneer in his own right, he flourished, taking 
particular interest in the human body's nervous 
system and the growing specialisation of 
neurology. During the early 1900s, Cushing 
would publish several academic papers on the 
subject, even defining its scope in one entitled 
The Special Field of Neurological Surgery. 

At the time of his rise to surgical success, 
traditional practises to explore the brain and 
perform extraction of cranial tumours were 
rudimentary, to say the least. With most 
surpeons opting to break aparta large amount of 
the skull to gain entry to the brain, Cushing 
instead developed a method to resect a small 
piece of bone from the skull and carefully 
manoeuvre through the grey matter toa 
tumour’s location. This restricted approach was 
then advanced by the revolutionary new 
technique of X-ray imaging, As the first ever 
surgeon to image a brain tumour, Cushing had 
paved the way for tumour diagnosis without 
surgical intervention. 





Genius in progress 
Cushing's journey to define neurosurgery and 
further our Knowledge of the brain 


neuroscience pioneer 


Designed by Cushing, the Cushing/ 
Whitney Medical Library was built in 
1940 at the heart of Yale Medical School 
















Surgeons and 
students look on as” 
Dr Harvey Cushing 
and William Halsted. 
perform brain 
operations at the. 
John Hopkins 
University in L910 
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1869 Born on & April 189] Cushing 


to Bessie graduates 
Williams and from Yale 
Kirke Cushing, University in 
Harvey Cushing Connecticut, 
was the US, with a 
youngest of bachelor’s 
ten children. degree. 


1985 Beginning his 


career in 
medicine, 
Cushing 
graduates from 
Harvard 


Medical School. 


1896 He moves to 


Johns Hopkins 
Hospital to train 
as a surgeon 
under the 
respected 
William § 
Halsted. 


1902 Cushing defines 


the body's 
response to 
intracranial 
pressure 
caused by 
injury to 
the brain. 





7 = | | He was an 
Behind the man menrduaniinig 
Uncover the truth about the writer 


extraordinary surgeon In 1926, Cushing won 
the prestigious literary 


Pulitzer Prize for the 
biography of Sir Willian 
Osler, a Canadian 
physician and one of the 





































He was a founding fathers of 
workaholic Johns Hopkins Hospital. 
Between 1918 and 1928 


Cushing published six 
books alongside almost 
LOO scientific papers He only had 

and reports. In order to nine toes 

achieve this, it’s ) , s Suffering from Buerger’s 
estimated that he ? disease, a blood clotting 
wrote more than condition had left one 
10,000 wards per day. of Cushing's toes 
gangrenous. In 1935, he 
had the middle toe on 
his left foot amputated, 


He was also a 
war doctor 
During World War |, 
Cushing travelled to 
France and spent over 
three months treating 
around 133 soldiers with 
brain injuries. 


He was 
connected with 
the White House 
Cushing's daughter 
Betsy became the first 
wite of James Roosevelt, 
son of America’s 32nd 
president, Franklin D 
Roosevelt, in 1930. 


This was not Cushing's only accomplishment 
- during a career spanning more than 40 years, 
his work on the human brain excelled ashe 
worked to develop surgical techniques, improve 
diagnosis and make numerous discoveries. His 
array of achievements bare his name, including 
the discovery of Cushing's disease and the 
Cushing reflex, defined as the body's 
physiological response to intracranial pressure, 

However, Cushing continually took notice of 
one part of the brain, the pituitary gland, and 
particularly the tumours that could grow around 
it. As a focal pointin his continued research, he 
stored samples of resected pituitary tumoursin 
formaldehyde-filled jars for future reference. As 


During his lifetime Cushing 
performed over 2,000 
brain surgeries 





19]? Having identified 1913 Cushing begins 1931 Reaching a 1932 


the connection his role of Chief medical 
between the of Surgery at milestone, 
pituitary gland the Peter Bent Cushing 

and cortisol Brigham completes his 
production, Hospital. 2,000th 
Cushing's verified tumour 
disease is operation. 


discovered. 





The big idea 

a epete(cLcelglsl-tal aes Mers]+ [lal ames) em -lu date aoa 
pacaheela siete and its Disorders, Cushing — 
outlined the science behind Naima ee reets 
be known as Cushing’ eee |e e [ePreelialia a 
Creare acquiesce with the rs Tea) 
gland, Cushing Wee t R ieee Ratt: 
debilitating condition, Displaying SU i 
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Erased eis Ute Led ae meld 
this hormone triggers the fees ra) meu le)dated 
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levels, cortisol controls blood iirls levels and 
metabolism, fel Cele ma during 
overproduction it can be CEE} it] the Tare a 
Mal iareh discovered Bieler Rly] eles LATS) eh 
the pituitary gland can expedite the production 
of cortisol in the body, flere es Ute more ACTH, 
which can lead to damaging effects. 


oc og alte ibrar. 


| eet brain tumours can = Pers) Bey ifs 
cca i ere) ele ita cy aT Bare 


time progressed, a whole collection of bottled 
brains and detailed patient notes began to form, 
but when one of hisspecimens was ‘lost’, 
Cushing decided to formally catalogue them all. 
Now known as the Cushing Brain Tumour 
Registry, over 2,200 case studies were recorded 
between the late 1800s and 1936, documenting 
the history and journey of neurological medicine 
from its infancy. 

Retiring from surgical service in 1932, a year 
later Cushing began a new role as Sterling 
Prolessor of Medicine in Neurology at Yale 
University. Imparting his wisdom onto the next 
generation of neurosurgeons, Cushing spent the 
last six years of his life teaching before passing 
away troma heart attack, 





Cushing retires 1939 After suffering 


as chief of a heart attack, 
surgery at the Cushing dies on 
Peter Bent 7 October 1939, 
Brigham aged /O. 
Hospital. 
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074 Mindtricks 


Your brain is about to be tricked 


o82 The placebo effect 


How do pretend drugs make us 
think we are better? 


o88 Cognitive biases 


O72 


The evolutionary falsehoods that 
we all believein 
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s you go about your daily life, your brain 


a fT 
me 6 
7 


ZS continuously perceives the world around 
#  Wyou with the help of your senses. The 
constant stream of information it receives is 
overwhelming, so itregularly takes shortcuts to 
simplify what you see or feel and chooses the 
most likely interpretations. This helps it to 
concentrate on what's important, rather than 
focusing on everything at once. The brain is also 
very good at predicting the future, helping it to 
compensate for the slight delay between you 
physically seeing or touching something and 
receiving and processing those signals from 
your eyes or limbs. However, these shortcuts 
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Bending light 
The curved lens of 
the eyeball bends 


The fight signals 
received by the retina 
sia are upside down. 


Discover the mind-bending illusions that prove 
you shouldn't always believe what you see or feel 


and predictions also make it possible for your 
brain to be fooled. 

Humans have been discovering ways to trick 
the mind for millennia, with examples of optical 
illusions found in Stone Age cave paintings. 
Ancient Greek philosopher Aristotle noted that 
“our senses can be trusted but they can be easily 
looled" with an illusion now referred to as the 
watertall effect. While watching a waterfall he 
noticed that shifting his gaze from the moving 
water to the static rocks made the rocks appear 
to move in the opposite direction to the flow of 
water. Now known as ‘motion aftereffect’, it’s 
caused by the wearing out of certain neurons in 
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Brain power 











the light as itenters. . lt 
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image and flips it the 
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right way up. 


____ Light enters 


Nerves cross over, the 
signals from both eyes 


The brain translates the 
. electrical signals into an 





the brainas they perceive motion. When you 
move to look atthe rocks, competing neurons 
overcompensate for those that are worn out, 
creating the illusion of movement. 

Studying how the brain reacts to illusions has 
become much easier since Aristotle's day. 
Functional magnetic resonance imaging [[MRI} 
allows scientists to analyse the processes going 
on inside our heads as we experience certain 
images or situations, examining how the brain 
responds in real time. However, there is stilla 
great deal more to be explored, as ourresponses 
to some illusions remain amystery. 
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Signals 
Signals trom the lett 
side of both eyes travel 
| to the left side of the 
| brain and vice versa. 
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Discover how context can 
mask an object's true size 


When you look at two objects next to each other, 
you are probably pretty confident in identifying 
whether they are the same size or if one is bigger 
than the other. However, there are certain 
optical illusions that prove you might not always 
Het it right, That is because our brains often 

make judgements about the size of an object 
based on other objects that are nearby, and so 
can easily be fooled by context. 

Take, for example, the Ebbinghaus illusion on 
the top right of this page. Many would consider 
the orange circle on the right to be larger than 
the one on the left, but they arein fact both 
exactly the same size. The brain uses the blue 
circles to judge the orange circles’ size, and so 
because the blue circles on the left are larger, the 
left orange circle seems smaller in comparison. 

Context can also affect our brain's depth 
perception, making objects seem nearer or 
further away than they really are. Thisinturn 
can influence how we perceive theirsize, as 
illustrated by the Ponzo illusion shown here. It's 
this particular mind trick that makes the Moon 
appear bigger when it’s near the horizon. 


feels 


lfan LCD screen is filmed witha video camera, 
the screen often appears to flicker, This is 
because the screen is actually flickering in real 
ite ae (eee eel emcee lem elie 
seeing a continuous image. When a camera 
captures a scene, it takes a series of rapid 
shots and stitches them together to create a 
moving image. Therefore, if its frame rate does 
not match that of the screen it is filming, it 

a] mem Ma me cid glee Te mea ee medals 
hand, are constantly sending information to 
our brains, and so hang onto an afterimage of 
the light from the screen in order to fill in the 
gaps caused by the flickering. 


LCD screens rapidly switch thelr power on and 
off in order to regulate their brightness 
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Size illusions 


The Ponzo 
Hlusion 

Which of the yellow 
lines is longer? 





Calculating size 
The brain reasons that 
the distant object must 
be longer in order for it 
to appear the same size 
as the near object. 











In reality 


same length. 


Contrast illusions 


As wellas altering how we perceive an object's 
size, context can also affect how we perceive its 
colour. In this image, all of the green squares are 
<he Ha pe ee  ed eee M e 
appear darker than those on the right. This is 
because the green squares on the left aré ona 

ls (ahaa ere ete eee epee T LG ae Mane) pom ena eee meee 
s0 making them appear darker in comparison to 
their surroundings. This simultaneous contrast 
illusion is believed to be caused by the way the 
Mire eeM en eeet tpt Mets] eel eelercict mae mel gists] aly 
colours next to each other. When the light 
reflected from a brighter background hits one of 


Shae eae gar ee |e ers el a eee 
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The two yellow lines 
are actually both the 







The Ebbinghaus illusion 
illustrates how context 
affects size perception 


Brain fooled 

The brain overcompensates 
and makes the top line 
appear longer. 





In the distance 
The converging parallel 
lines trick the brain into 
believing that the top 
line is further away. 







In this contrast illusion, 
squares A and Bare actually 
the same shade of qrey 


Maize Mee] mers eles (elt t ers) aimee Meliss el 
firing off signals. This causes the light reflected 
from the green squares on the left to activate a 
stronger signal, making them appear darker. 


Motion illusions 


How can your brain be tricked into 
thinking a still image is moving? 


When you focus on one small section of this 
Taare * (Pe eee) eee oe 
arelMC=) EPR OLEL Me Un ame O ele) Mrs Mego pers [ el eros 
whale, it appears to pulse and come alive. This 
peripheral drift illusion is a result of the way we 
perceive light and dark, as well as the rapid 
movements of our eyes. 

The combination of light and dark coloured 
Tate er= eM On Mire [secede mea male 
tricking its motion sensitive areas into 
responding as they would to real motion, 
Because our brains are able to perceive lighter 
colours more quickly than darker colours, the 
pattern appears to move in the direction of the 
lighter shades in the middie. 

This effect is further fuelled by fast and 
undetectable eye movements called saccades. 
cag Sel a A a ode 
WECM an =1N LEP CaM URIS et -Mt- la mca Mo) eat 
refreshed, overwhelming it all over again, If you 
stop the saccades, the brain is given time to 
adapt, and the illusion of motion fades. 
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“Our brains can easily 
ne fooled Dy context | 
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The ability to fool the brain into experiencing 
your body 
ergs lh eo=te Aas emake) tclel al dates BE le ese ans 
create pain when there is none | a eM ate ai ate ma lel el eels gem Meme ial |e) (sme me tect 
Trick your mind into believing that a fake hand is your own iatmle|a tate a: plemie md a welt ee nen Od ntl as 
The brain prioritises visual 


ownership of a fake body part is proving useful 
Fooling your brain Call help . 1 ie At | - | behind a mirror and then moving the opposite, 
3 = ey 
to mentally move their phantom limb, perhaps 
still manages to stimulate the processes in the 
input over tactile input, 


for helping patients with phantom limb pain 
Tp MCMe= eM Gs PRA MIRON Mth Man ig ae eee eee 
unclenching it from a painful position to 
ull { ] | : ' | brain involved in real movement. 
and so believes the hand 


lricking —=—229Z—SCS&U&EF MMr'irrrro therapy 
= the feeling of pain in an amputated or 
reduce physical pain and even * —4A Se anata ae vay eare el Wei tls Bc ie 
r | - = provide relief, The illusion works because the 
Rubber hand illusion brain prioritises visual feedback over tactile 
Believe your eyes ia 
it Can See is yours. 


Eileen pes ee Rg) A ee 
reflected limb is real 


7 Hide your hand “") Start stroking 

& Place an open book on the table in front of you, then Get a friend to stroke the middle finger of your real 

sit with one hand underneath the book so that you cannot hand and the middie finger of the fake hand at the same = - os 

see it, Put the rubber hand in front of you so that it is time. After one or two minutes you will start to feel like Shri nk aie eel 

lined up with your shoulder. Covering your arm and the the fake hand is your own and that your real hand no . , 

‘arm’ of the fake hand with a cloth will help the illusion, longer exists. Liam se meals emcee gM mbes 


over tactile input makes it possible to 
manipulate the experience of pain. Ina study 
conducted by researchers at Oxford University, 
aga (adfers nee eee ecole er | ne 
ated Se oes cleo] ca ean eG nA 
while looking at it through a pair of binoculars, 
They were then asked to do the same again, 
but while looking through the other end of the 
ey Abele tale NOM emote dager nts ep e 
Freda) Oe i mee an i mere ele) mere 
experiencing an increase in pain, but when 
their arm looked smaller or further away, the 
TEAMS emt stu male elas Pe alee ser ct ore 
significantly less. Exactly how this illusion 
works remains unclear. One theory is that 
magnifying the arm enhances the sense of 
touch, while another suggests that by 


‘minifying’ the limb, the brain's sense of 
ownership of it is reduced, thus desensitising it 
to the pain, 


Limb disownment 
Electric impulses in the brain 
that control the movement of 
your hand weaken, making it 
feel like it is no longer there. 


Inflict some pain 
Get your friend to then hit the rubber 
hand with a hammer. You should feel a 
brief jolt of pain as your brain combines 
visual and physical information to create a 
feeling of ownership over the fake hand. 


Body illusions can 
be used to help 
amputees 
alleviate phantom 
limb pain 


Bineculars have been proven to help 
= tape(e weet ee | erie 
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1 Wear a blindfold 
Sit in a chair and cover 
your eyes with a 
blindfold so that you 
cannot see, 





The Pinocchio illusion 
Experience the feeling of having an 
extremely long nose. It's no lie! 





















: | Ms L, . & *s — o | 
3 Hold noses | ? a 2 Get an 
| } ‘4 assistant 
Place one hand on your — — c= en , Pe 
own nose, and the other _ i " yy Meta friend oF 
on the nose of the A. ar ‘eh i‘ family member to 
. rT a J sit ina chair directly 


person in front of you, " 
in front of you. 


° Which nose? 
After a minute it should 
feel as though beth 
hands are touching the 


Same rose, 


Success rate Se \ 7 oo 
This illusion works for ‘ di 7 

over S50 per cent of | 
people, so you might nat | 
feel any effect. 


4 Start stroking 
Gently stroke bath 
noses at the same time 
with a similar motion. 





The rubber hand illusion can fool our 
brains into ‘adopting’ an additional, 
artificial limb as our own 






Brain fooled 
With no visual input, the 
brain determines the 

nose’s jocation based on 
touch alone. 






A long nose 
Because your arm is 
stretched out, the brain 
reasons that your nose 
must be really long. 


IM 
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The Miller Lyer illusion features three 
arrows of the same length, but some 
appear longer than others 








“The Brain prioritises 
visual feedback over 


tactile feedback 
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7 @ How do sugar pills and saltwater injections trick 
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_ ugar pills ease depression, colourful creams numb 
the skin and saline injections make pain melt 
away. The placebo effect is a powerful healer, but 
how does it actually work? 

In the 1890s, Ivan Pavlov discovered classical 
conditioning. His famous experiments taught dogs to 
associate the sound ofa bell with the arrival of food. 
When they heard the noise, they started to dribble in 
anticipation. The same thing can happen to us with 
medicine. We make associations based on our 
experiences. If people take aspirin fora headache, they 












start to associate the shape and taste of the tablets with 
pain relief, Replace the pills witha placebo and the pain 
will still be lessened. 

Placebos, also known as ‘dummy’ or 
‘inactive’ treatments, are made from 
inert substances like saline, starch 
or sugar. They look and feel like 
the real thing but without any 
of the chemical effects. 

The whole experience of 


fn 












receiving treatment can 
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help us to feel better. One study gave peoplea 
painkilling cream for two days and then 
replaced it witha placebo, The participants had 
experienced the cream working, so they 
expected it to continue helping. Also, the tone of 
voice of medical staff and the information they 
give people about what to expect during 
treatment can change the way people respond. 
Inthis instance, ifthe staff reassured them that 
the new cream would work, it did. But if staff told 
them that the cream would increase their pain, 
itactually made things worse. 

The appearance of medicines can also shift 
our expectations. We associate bold colours like 





The placebo effect even works with surgery. 
The process of cutting the skin open and 
stitching it back together again can help people 
with knee pain, and fake operations can even 
ease heart pain caused by angina. Nothing 
actually needs to happen inside the body: the 
sights and smells of the hospital and the 
procedure of an operation can trick the brain. 

The first neurobiological evidence for how the 
placebo effect works came in the 1970s. A famous 
study published in 1978 in the Lancet looked at 
what happened when people received a placebo 
painkiller after having a tooth removed. To find 
out how the placebo effect worked, half ofthe 


red, orange and yellow — participants were also 

ems ChONGe the COUT Baan 
| | os : r JA , , ‘ Lt 

withsedation.Change of ‘ig tablet ‘aiala) | % [| _ the activity ofnatural 

the colour ofa tablet and ) : — | | painkillers called 

it'll change what people change WVare e eB [= endorphins. 

expect it to do. expect it to do In this study, naloxone 

Similarly, ifa pill costs stopped the placebo 


more or comes ina branded box, we expect it to 
outperform its cheaper or generic counterparts. 
Even the name of the treatment has an impact. 
One study found that putting the word ‘placebo’ 
ona migraine medicine called rizatriptan 
reduced its impact. Calling a placebo 
‘rizatriptan’ made it work better. Not 
surprisingly, calling the real medicine by its 
proper name worked best ofall. 


tablets from working, but only when people 
expected the placebo to help with their pain. 
When we expecta tablet to kill pain, the brain 
makes its own painkillers, 

Current evidence now suggests that this effect 
starts ina part of the brain called the prefrontal 
cortex. This region handles complex behaviours 
and planning. When we expect to feel better, it 
boosts activity in nerve pathways that extend 


down into the spinal cord. MRI scans have 
shown that the placebo effect decreases blood 
flow in the parts of the spinal cord that let pain 
signals through. The endorphins triggered by 
taking placebo tablets help to stop pain signals 
from reaching the brain. 

The placebo effect works less well on people 
with Alzheimer’s disease, who often have 
damage to the nerve cells in their prefrontal 
cortex. The effect can also be blocked by placing 
magnets over the scalp, interfering with nerve 
signals in the front of the brain. 

Anxiety can also block placebo pain relief. 
Studies have found that simply telling people 
that their pain will get worse can make it worse. 
Itcan even make non-painful touching hurt, a 
phenomenon known as allodynia. Reading 
about side-effects or looking diseases up onthe 
internet can shape what we expect to happen, 
and this affects the brain. 

The second part of the brain's placebo system 
isa chemical messenger called cholecystokinin 
(CCK). Itis produced when we are anxious. 
Blocking its activity witha drug called 
proglumide enhances the placebo effect, as does 
calming anxiety with the medicine diazepam. 

Most of the work to understand the placebo 
effect has focused on pain, but dummy pills can 
affect other aspects of health and disease too. 
People with Parkinson's disease suffer damage 
to nerve cells ina part of the brain called the 


All air the mind Despite its complexities, the human brain is surprisingly easy to fool 


Parkinson's disease disrupts the brain's ability to produce dopamine. One study in 2010 found that the placebo 


More 
dopamine 


UNTREATED 





Less 
dopamine 


Absence of dopamine 


MEDICATION 





Almost normal levels 
of dopamine 


treatment for Parkinson's could provide results almost identical to those achieved with the conventional 
medication, the drug L-dopa. The illustrations below represent a patient's brain scans from this trial. 


PLACEBO 





Almost normal levels 
of dopamine 





Cerebral cortex 


Placebo pathways Cerebral cortex 
e cerebral cortex is responsible for 


The placebo effect depends on two intelligence, memory and consciousness. 
separate sets of signals in the brain lt sends signals to the periaqueductal gray. 





Pain reduction - 
Brain scans have revealed that the : 
cingulate cortex, insula and thalamus ~ 

= which are involved with the brain's 

pain circuitry - show reduced activity 

during the placebo effect. | 
Ventral tegmental area 
This structure in the midbrain is 
part of the dopamine reward 
system. It sends signals to the 
nucleus accumbens. 








. 
| Periaqueductal 
, gray matter 
The periaqueductal gray 


| |) RN ee controls pain by making 
= 





a natural painkiller called 
enkephalin, which sends 
“, | j | 1 - pain-blocking signals 
Nucleus accumbens “SY if % towards the spinal cord. 
Dopamine is released in the i : | 4 y 

nucleus accumbens, helping 

to dampen feelings of pain. 





Amygdala 

Images of the brain experiencing 
the placebo effect show that 
activity in the amygdala (which is 
involved in fear and emotional 
responses) is decreased. 





The science behind what really goes on inside 
our brain when we take a placebo 
he placebo effect is allin the mind, and handles complex behaviour, includ ats our Gers ca Per MON CeMact Loser ceeecclae CONOR gem Ones 
Mca weleL CH eee MGs emt tsPReROM Silene) ectnel response to a placebo. erUUOU a) lc ecm LOO PPE sEcRelee cay bl ate NPDRLPR OSH Melee! 
that are responsible for managing When we take a sugar pill believing it will the spinal cord, where they block pain signals 
anxiety, reward and pain. The cerebral cortex help with pain, the prefrontal cortex passes elsviO) (sR GOtsa Aries 19) =m cep ats MOR Met-M eles Tie mans 
MoE COMM ECBO Anime) tLe Oke mcrtl ome pT a) messages to pain control neurons called the Tpit ment T=Me (ele. PANt it se-iee=t PER DOCS RM aCe Oecd En 
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substantia nigra. These damaged nerve cells 
stop producing dopamine, and this leads to 


problems with movement that worsen with time. 

Placebo medicines can increase the amount of 
dopamine in the brains of people with 
Parkinson's disease. Ifthey expect to receive real 
treatment and think that they will improve, 
dopamine levels rise on their own. 

The immune system can also respond toa 
placebo, In 2002, the Goebel research group at 
the University of Duisburg-Essen in western 
Germany trained the immune system using a 
flavoured drink. They repeatedly dampened 


The noce 


et, 
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Immune activity using an immunosuppressant 
called cyclosporin A. Each time they 
accompanied the treatment with the drink. After 
the conditioning was complete, they didn't need 
the drug any more. The drink was able to 
suppress the immune system on its own. 

In 2008, they repeated the experiment with 
allergies. This time they gave antihistamines 
with the flavoured drink. Incredibly, not only did 
the drink make people feel better even when the 
antihistamines had been removed, italso 
reduced the activity of allergy-inducing immune 
cells called basophils. 


Placebos in trials 


The placebo effect is powerful in its own 
right, but to date it's been most useful a5 a 
Mamas Mell deer pete ged 
the placebo effect have shown that 
receiving a tablet and expecting it to work 
eee er etree pee tre comet et) ea) eT 
how do we know if a new treatment is 
actually working? The answer is to give half 
the patients the real thing and give the 
other half a sugar pill that looks exactly the 
PPE ts ec ce 

This works best if neither the patients nor 
the doctors know which treatment they are 
getting, a technique called ‘double blinding’. 
RMP eee meme OC a el | ae 
expect. If the people receiving the real 
eat Mee emit) earl dee el 
sugar pills, you can be sure that it's not just 
item alr pe)ele Maisto asa ee 


Se Se 

















Placebos are made to look and feel the 
same as the real treatment 


While placebos can be incredibly helpful, they 
can also result in some unwanted side-effects 


he nocebo effect is like the 
placebo effect but in reverse. 
Ifwe think that sugar pills are 
Wat=o a= DM OUR SE SM Gel) g eat =atme: pane hee 
jie lceesdSaie eM Uhm OU Comers Pe eet slen ee al see 
It’s hard to study the nocebo effect, 
butin 2014 Sara Planésand her 
colleagues at the Grenoble University 
Hospital in southeastern France 
gathered 86 studies together and 
Goa outta MA oak Ohad LB 
They found thatsymptoms ofthe 
nocebo effect tend to be non-specific, 
like nausea, dizziness and 


headache. They also discovered that 
itaffects women more than men, and 
people with depression and anxiety 
are particularly vulnerable. The 
team were also able to confirm that, 
(LU: RWS pam a) temo sa ae eer 
the nocebo effect is partly 
psychological and partly 
neurobiological. 

Conditioning can make us expect 
HUM seo ol MEME DATO AU UN aM stood tps 







changes in our brains can make pain 





Placebos have 
side-effects and can do 
harm as well as good 


feel better, they also have the 
potential to make it worse, 


A= en end fet na =se)(aa]) treatment, 





part of the experience is psychological” 


We still don't fully understand the placebo 
effect, but there’s no escaping it. Every time we 
receive medical treatment, part of the 
experience is psychological, and medical 
professionals are already using this knowledge 
to help us get better, 

There are two types of placebo. Pure placebos 
do nothing chemical to the body, like sugar pills 
or saline injections. Impure placebos are 
treatments that do have chemical effects but not 
for the condition for which they are being used. 
Antibiotics are an example; they treat bacterial 
infections but are often prescribed for flu even 
though it’s caused bya virus. 





The pharmaceutical industry will be 
worth around $1.5 trillion by 2022 
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Arecent survey of UK GPs found that, though 
few use pure placebos, three-quarters prescribe 
impure placebos to their patients at leastoncea 
week. Examples can include giving people , | 
nutritional supplements, probiotics, antibiotics F aa ay 
and alternative medicines. Alternatively, it can , oa 
entail booking patients in for non-essential 4\ 
tests. The most simple option is just using the 
power of positive suggestion. 

There isan ongoing debate about whether this 
is ethical, but similar studies in other countries 
have found that placebo use is widespread. The 
more we understand how it works, the better we 
will be able to harness its power. 
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“Our Brains take shortcuts to enable 








rapid judgements — Known as AGAVE REE ES 
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Explore how the peculiarities of human : 
information processing influence our 
) perception of situations and events 
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s humans living inan ever-changing 

world, we have rather a lot to think 

about. We make hundreds of decisions 
everyday, from simple choices like what to eat 
for breakfast to devising complex business 
strategies at work, As we are bombarded by 
sensory inputs, each providing new information 
to process, we must draw on previous 

mm cx periences to recognise, understand and act on 
our perception of the world. To do this our brains 
take shortcuts to enable rapid judgements - 
known as heuristics - whereby we prioritise 
certain parts of larger problems over others. 

While this isa critical coping mechanism to 

compensate for the limited processing 























- amplitude of the human brain, it can lead to 
faulty thinking - errors in perception that cause 
us to make assessments based on subjective 
influence rather than real-world information. 

| a, This is known as a cognitive bias - a deviation 
The eee on aie ete % ea Hig = - | from rational, logical thinking influenced by 
Will ¥ VK A AA SA Ly re Ma multiple psychological and social factors, 
NIU VARI eta | ila, There exists a variety of recognised cognitive 
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biases, each with the potential to negatively 
impact on the economy of our real-world 
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The tendency to ignore absent 
information and only ever plan 
tor the best 


[tcan bea challenge to consider information that is not 
observable in our assessment ofa situation. Where a 
person or object is not present, humans will naturally 
focus on those that we can see and form an opinion 
based solely on that condition. Survivorship bias refers 
to situations where we make assumptions based onthe 
apparent success ofa group of objects or people but fail 
to recognise that our sample is not representative of 
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subjects that have been excluded. 

Looking at data of injuries sustained by car crash 
survivors, we may conclude that the worst injuries 
occur when sitting in the front seats, when in fact this 
data does not include people who were sat in rear seats 
and were killed in the accidents. To say better crash ic dictb GH Gididionndnente neve HORE 
protection should be installed in front seats would bea the old er anes rem aining are the best examples of their generation, 
common but clearly false conclusion in this case. yet observers could wrongly assume older buildings were all constructed to last longer 
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Endowment effect Hyperbolic discounting 
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The attribution of greater regard for that which we Immediate rewards don't always offer the greatest 
Bellesr las own, independent of actual value benefits, but you are still more likely to select them 
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endowment effect were often 
willing to pay less for an item than 
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If you have ever looked back and regretted a decision you made 
for an instant reward, this is likely hyperbolic discounting at work, 
Strength of the reward is an influencing factor 
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Our process of 
gathering information 
to form our opinions is 
not as impartial as we 
WEN a ea 


While we like to believe that 
We are open-minded and 
observe all of the available 
information ona subject 
before drawing a conclusion, 
elem e as La Mare Mg feel 
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bias is a flaw in how we 
collect, process and recall 
information, which suffers 
trom a tendency to favour 
that which confirms pre- 
existing beliefs. 

Since decision-making falls 
nyse ee gee del cig cia le-ae- las 
preconceived ideas, it can be 
uncomfortable for us to reject 
what we think we already 
know and accept a new truth. 
We therefore pay greater 
attention to data that 
stead em ela eles [fed eeee are) 
ignore facts that question 


them. This can have 


significant implications in 
areas such as the medical 
profession, where a doctor 
diagnosing a patient may 
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recognise and act on other 
diagnostic markers that may 
alee] ee Mats] me USC ast ate 
Multiple doctors observing 
the same information but with 
Opposing preconceived ideas 
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conclusions due to their 
unconscious choice to dismiss 
disatfirming facts. 

With an influence in 
Vaisala ella le esa en aar 14 Cele 
bias can make us see patterns 
in data where there are none 
and fail to see those that are 
mgs eee eerste tone 
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Ina courtroom setting the 
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stereotyping arises from our ee nt goo 8 em el ; Ye 
previously observed information. The role of a pilot | 

is often seen as a predominantly male job even 

though there are many female pilots Hae Le 








Stereotyping 


While it may be associated with discrimination 
lee u ea amend eaN el elem ure ie 
innocent cognitive function 








Stereotyping is one of the most recognised cognitive biases and 
carries with it many negative connotations. The stereotyping of 
people often results in the feeling of judgement within the 
subject group, and there are sinister implications for 
unreasonably assuming all members of that group are the same. 
However, as with many biases, there is .a heuristic component, 
that allows rapid identification of people, places and objects. 

You might find yourselt instinctively asking a person in an 
airline's uniform for help with flight information, for example, 
assuming they will be an expert. This stereotype provides a rapid 
solution to a potentially complex real-world problem. With such 
social categorisation we learn to identify people less as 
individuals and more as part of a social group. We may be aware 
of this or it may be a subconscious process - known as explicit 
and implicit stereotyping respectively. 
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our own beliefs about a group. This explains haw easy it is to link 
emotional responses to our stereotypes (develop a prejudice) and 
in turn alter our social behaviour (discriminate against a group), 
We naturally seek characteristics that reinforce our assumptions. 
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Ina truly random condition, 
previous events cannot be 
See Ragtime 
lees arscme ate lle l eal eee 
ommon thought process 
in situations where we 
ee hea mere ee) 


edirlimelt hasing a car 
anticipated, We 
mies Lele Mal UCP Ta Lrr] 
information on 


Priced lower ba 
Sal ee adjust this 
raya st] for more 


the best Sete) low alates 


ambler’s fallac 
An opposite effect to clustering illusion, this bias also 
results in faulty expectations about future events 


Gambling creates complex responses in 
humans. There is a clear emotional investment 
in the outcome of a bet, yet there are more 
deep-seated psychological processes at work. 
Gambler's fallacy is the incorrect reasoning 
that alter a series of repeated events, suchas 
scoring ared ona roulette wheel, a different 
event becomes more likely - scoring a black, 
for example. This is opposite, yet related to, the 
hot hand fallacy, arising froma misperception 
about small sample sizes, where we assume 
shorter series of random occurrences yield 
similar results to longer sets. Where a winning 
or losing streak is encountered, we expect an 


Risk compensation 


Does perceived safety yield increased 


complacency? This question has significant 


implications for hazard management 


Every decision we make is a process of weighing up costs and ——_ 
benefits. Where we deem the potential costs too high to justify ' 
SAMA eat) me ree e ae M7 ee roel ear Mer ee | edd | 
compensation is a hypothesised mental adjustment whereby we 
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nullifying those safety measures. Closely associated with this 
theory is Professor Sam Pelzman, who suggested that road 
safety strategies are useless, since with increased protection 
comes increased risk taking by drivers. This became known as 


the Peltzman Effect. 


While this has been widely disputed, another study by Gerald J 
S Wilde noted décreased traffic deaths in Sweden after a change 
In driving side. Once drivers became accustomed to right-hand 
driving, fatality rates increased once more, an effect termed risk 
homeostasis - the continuous balancing of perceived and actual 
danger. This is likely due to our predisposition to seek the action 
a deme mele =r lees ete toElem || 
that poses a challenge in hazardous workplaces. Recurrent 
training is often required to maintain safety. Knowledge of risk 
compensation can also help in marketing - fostering a safe 


inverse event to create balance. Tversky and 
Kahneman called this the representativeness 
heuristic-— comparison to previous experiences 
of event sequences. 

Inreality, where events are discrete, one will 
not affect the probability of the other 
occurring. Suggested biological causes are the 
stimulation of parts of the frontal and parietal 
lobes of the brain involved in decision-making, 
judgement and reasoning - zones attributed to 
increased risk-taking alter experiencing a loss. 
The bias is sometimes dubbed the Monte Carla 
fallacy after a famous night of roulette losses in 
1913 in the casino of the same name. 


online marketplace can encourage greater sales from clients. 
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Anchoring bias 
Even business-savvy people can fall foul 
of this bias towards initial information 


As other cognitive bias examples have 
demonstrated, humans rely heavily on 
Impressions of a situation to quickly make 
assessments. However, anchoring is another 
shortcut that can prove inefficient in the 
madern world. With this bias, we fix on the first 
piece of information we receive and use this as 
a basis for judging all subsequent facts. The 
common example is being given a lower-than- 
expected price for a product and immediately 
accepting this while missing out.on potential 
better deals elsewhere. 

Another Tversky and Kahneman investigation 
suggested that we often incorrectly adjust 
expectations from the anchor, affecting our 
judgement. Even with experience and when 
armed with awareness of anchoring in action, it 
can prove difficult to avoid, influencing multiple 
decisions of a financial, social or professional 
nature. While it is possible to illustrate the 
effects, it has proven a challenge to pinpoint the 
greatest psychological causes. 





There is still dispute among the 
scientific community about 
whether risk compensation 

nullifies safety measures, but 
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Diseases of the brain 


Discover how the brain is affected 
by neurological diseases and how 
science is seeking to cure them 


10 famous experiments 
Meet the psychologists who 
discarded ethics in their bid to 
understand our primitive sides 


Psychopaths: mad or bad? 


The science of what makes 
someone a psychopath 
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The brain is a finely tuned machine, but unlike a machine, when 
the brain malfunctions, it can be incredibly difficult to fix 


he brain is divided into three main parts: 


the cerebrum, cerebellum and the brain 
stem. The largest is the cerebrum, which 
consists of four lobes: the frontal, parietal, 
occipital and temporal lobes. Each regionis 
associated with different functions, and they 
work together to control our bodies. 
The brain hasan estimated 86 billion nerve 
cells, or neurons, through which information is 
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Words by Baljeet Panesar 
constantly transmitted to different parts of our 
body, allowing us to make sense and respond to 
the world around us. Between different neurons 
are trillions of miniscule gaps called synapses, 
where signals are passed from one brain cell to 
the next. 

Given that the brainis sucha highly complex 
and specialised organ, when itis injured or 
damaged the results can be devastating. In 
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England alone it’s estimated that 14.7 million 
people suffer from some type of neurological 
condition, including stroke, epilepsy, dementia 
and narcolepsy. 

In this feature we will take a look atsome of 
the most serious diseases that can afflict the 
human brain, the effects they can have on 
people's lives and the efforts being made to treat 
and, hopefully one day, cure them. 
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In generalised epilepsy, ae 
entire brain is affected by 
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Seizure dogs 
are trained 
to respond 
to a person 

having an 
epileptic 
seizure 









Alzheimer's destroys brain cells and has a devastating effect on memory 
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Narcolepsy can cause people to 
fall asleep without warning at 
inappropriate times 


MeN ce lees ee ened 
Alzheimer's disease (top) are © 
fae Mle ese 
shown below for comparison 


Alzheimer's disease is the most common form of 
dementia |a name given to symptoms that affect 
memory, thinking and communication) in the 
UK. The brain tends to shrink as we age, butwe 
do not naturally lose neurons inappreciable 
numbers. However, in Alzheimer’s disease 
abnormal protein plaques build up inand 
around brain cells, leading to the loss of neurons 
and synapses. Most often, the brain structures 
associated with memory (suchas the 
hippocampus) are damaged first. As the disease 
progresses, language, behaviourand speechare 
affected too. The death of neurons inthe cortex 
(the outer layer of the brain) leads to the loss of 
long-term memories. Interestingly, a person’s 
ability to sing or play a musical instrument are 
stored deep within the brain, and these 
connections appear to be retained for longer. 

In rarer cases of Alzheimer’s disease, people 
may not experience difficulties with their 
memory but instead with their sight. This form 
of Alzheimer’s is called Posterior Cortical 
Atrophy (PCA) and causes degeneration of the 
cells at the back of the cortex. The occipital lobe, 
the visual processing centre of the brain, is 
located here, so vision is affected, Some PCA 
sufferers may also experience difficulties with 
spatial awareness if parts of the parietal lobes 








are affected. Discworld author Terry Pratchett 
revealed he was diagnosed with PCAin 2007. 

There are some medications that can help to 
manage symptoms or slow the progression of 
Alzheimer’s, but there is currently no cure. 
Current research is focussed on developing new 
drugs or techniques that can stop the disease 
and/or reverse its effects. 


‘In Alzheimer's, 
gbnormal protein 
plaques build up in 
gnd ground neurons © 
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Amyloid plaques (orange) are a 7 
characteristic feature of Alzheimer's 
disease, The proteins destroy the 
connections between neurons 
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In MS, the myelin 
sheath (yellow) 
becomes damaged, 
which reduces the 
efficiency of the 
neuron's ability to 
transfer messages 


Ms affects the vital ‘insulation’ around nerves 
Multiple sclerosis (MS) is a life-long condition 
that affects nerves in the brain and spinal cord, 
causing a wide range of symptoms including 
problems with movement, vision and balance, 
but one of the most common is fatigue. 

Each axon, also knownasa nerve fibre, isa 
part ofa neuron that carries electrically charged 
impulses, The axon is surrounded by myelin, a 
fatty substance that —-like insulation around an 
electrical wire —allows the neuron to send 
messages around the body more efficiently. In 
M5, the immune system mistakenly identifies 
myelinasa foreign substance and attacks it. The 
damaged myelin disrupts the transfer of nerve 
signals by either slowing them down or stopping 
them completely. During anattack-whena 
person is displaying the symptoms of MS -the 
myelin is destroyed and then scarred, 
preventing effective brain-body communication. 

There is currently no cure for MS, but there are 
treatments. Medications are able to treat specific 
symptoms, and disease-modifying drugs can 
help to reduce the incidences and severity of 
relapses. Research is ongoing and hopes to 
understand how MS is triggered, whether it can 
be cured and whether the damage it causes can 


7 ( 
be repaired. 4} ' MIS patients experience different symptoms 
depending on which nerves are affected 
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lealthy Motor Heurons carry signals. . 
between the brain and the muscles, but 
“tha person with MND these nerves die, 
causing the muscles to weaken *.. 
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When the brain's blood supply ts disrupted, it’s a matter of life or death 


Astroke isa medical emergency and occurs 
when the blood supply to part of the brain is 
disrupted, generally due toa blood clotora 
bleed - similar to a heart attack. Consequently, 
brain cells do not get enough oxygen or 
nutrients, resulting in neuron damage or death. 
This affects a person's ability to speak, move, see 
and think, so it’s vitally important that the blood 
supply is restored quickly to the brain. The 
effects ofa stroke are dependent on what part of 
the brain was affected and how quickly it was 
treated. It’s a leading cause of death and 
disability worldwide; approximately every two 
seconds someone suffers a stroke. 

There are two main types of stroke: ischaemic 
and haemorrhagic. Ischaemic strokes account 
for around 85 per cent of cases, and these occur 
whena blockage prevents proper blood flow 
around the brain - typically a blood clot. 
Haemorrhagic strokes occur due to a burst blood 
vessel, and these account for the remaining 15 
per cent of cases. 

A related condition called a transient ischemic 
attack (TIA), also known asa ‘mini-stroke’ 
occurs when there is a brief interruption to the 
blood supply to the brain; the blockage moves or 
dissolves so symptoms only last for up to 24 


hours. Nevertheless, these mini-strokes are still |) 


a medical emergency. 

Strokes can be treated with medicines that 
help to dissolve blood clots as well as drugs to 
prevent further strokes, or surgery toremove a 
blood clot or repair blood vessels. 

If you suspect that someone is having a stroke, 
itisimportant to get help 


ls their face drooping? 


Can they smile? 


Is there weakness? Can 
they lift up both arms? 


Is their speech 
slurred or garbled? 


Time to act. Call the 
emergency services. 


“Stroke Is a leading 
couse of death and 
disability worldwide ~ 


Hawking relied on his specialised 
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for over 50 years 





Without oxygen, brain 
a come oe 
resulting in long- 

lasting brain damage 


‘ The majority of 

, 5 . strokes are ischaemic, 

P be a : caused by blood clots 
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DAMAGE AND DISEASE 


Meet the researchers who cast aside morality 
to uncover secrets of the human mind 


espite our immense intelligence, 

humans are irrational, confusing 

creatures. Our emotions and behaviours 
EPGSecOMU LON cp itsNGUMCe Re Col Me cTALeR sale MtEeaealt 
to justify, making the science of psychology 
essential for truly understanding our incredible 
minds. Like in any science, psychologists have 
Co timtctaeRMalei mene teM =) 4 al-) eee jee meen Canim ets) b 
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psychology study you'd likely be met by a young, 
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Geese Petes Gea Acree REET SLmen TG EleTCOlaE 
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minimal. But studies weren't always this way. 


A researcher's pursuit for knowledge -—and 
O/T eM PtHecR ABS UM SlPRecTPL Meme clear t esd le) geet ws gl 
drive them to conduct studies of an insidious 
nature on human test subjects, and in past 
Wares BOP C Mate lst MAM om eRe Ta eam Cee fe otsy®) 
these experimenters in check. 

Throughout this feature, we'll reveala 
government-tunded study that secretly spiked 
civilians with psychoactive drugs, uncover 
several experiments that aimed to traumatise 
young children, and explore others that caused 
volunteers considerable distress in a bid to 
aspUsrcDece)dt MEE d GU et Maa P etre: Lele PiM aa Temalar Be 
psyche. So strap into your harnesses and read 
on, and see if you can discover when a human 
being simply becomes a datum tothe 
experimenter’s eye. 


Littie Albert stud 


Pavlov's dogs were conditioned on treats; 
baby Albert was conditioned on fear 


Experimenting on unwilling or unaware test 
subjects is always considered dubious, but to 
experiment an an innocent baby is arquably the 
worst af the lot. But that is exactly what John 
Watson decided to with littl baby Albert, who 
found himself as Watson's subject at just nine 
months old. 

The experiment started off innocuously enough. 
Albert was introduced to an adorable rabbit, an 
excitable monkey, a friendly dog and a curious 
eMall white rat. He appeared engaged and 


interested in all {hem —- especially the scurrying rat 


Lele 


- and even cupped the dog's paws 
with both of his hands. He showed 
no signs of fear, which was exactly 


what Watson wanted, 


As the months progressed, Watson began 


conditioning Albert to Tear the animals. Every time 
one of them would get close to the baby he would 
clatter on a metal bar and frighten him. This caused 
Albert distress and he soon learned to associate 
the animals with his fear and would either cry or try 
to crawl away when in their presence, even without 


[he bar being struck. 





Albert's mother received the paltry fee of $1 for 
her infant son's participation in the experiment 


But it appeared that this tarture was not enough 
for the researcher, Over time the conditioning 
affect faded, and Albert would grow more settled 
in the presence of the animals. This encouraged 
Watson to re-introduce the clanging of the bar, 
re-igniting Albert's fear to prove that his 


conditioning theery could be used repeatedly. 





Human experimentation, 
sometimes harmless and 
other times not, has been a 
cornerstone of experimental 
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monster 
study 
An attempt to cause a 


life-long affliction in 
children to prove one theory 





Wendell Jonnson wasa WCE CAN MMe et 
oatholadgist in the 1930s. For thease who knew him 
Se ME eee Ge es ee eee oe eo Bro le 
+ oersonal stake in - he'd suffered witha speech 
Bae alee eee eee lies (eee) ee aie es etre re eae 
nis parent's actions were to blame for his disorder 
Bise Pat srt CR MET epee |S ee ee eet) ae 
itticultie nade them overly se-conscdows aI 
their words, which over time would develop into a 


lo prove his theo ree ets 


ifre-long impediment 
MOnnson Trecruted amaster's stucent. War T, fale eli 
to experiment on unwilling orphan children 
Binge ae ee gar lor Separated tive 
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speakers. Whe Oroeup received only Positive Input 
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WOLUTd Improve in the positive group, while 
impediments would worsen in the othe 
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Woothesis. but the fegacy of the study was the 


emotional trauma suffered by the children m the 


negative qroup. Some withdrew and became 
moredibly quiet and self-conscious indmidual 
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The boys became 
50 antagonistic 
that burning 
their rival's flag 
became a proud 
accomplishment 


Ascheme that manipulated children into tribal warfare 


Any fanofasportsteam willtellyouthatit’seasy their peersand shared in activities suchas 
to become competitiveandantagonistictowards hikingandswimming. However, this 








members of rival proups. Psychologist Muzater tranquillity was not to last. 
Sherif described these tribal thoughts as part of Over the following days, the groups were 
the realistic conflict theory, which states that introduced and forced to compete. They would > 
different factions will inevitably fall into race to pitch tents, wrestle in tugs of war and ~ a 
competition and animosity when battling for play baseball, with the winners receiving a 
limited resources, prize. To increase the tension, experimenters 

In his mostfamous experiment, Sherif would also declare that the contests were 
designed anexperimentinvolvingunsuspecting extremely close, and feelings of deep prejudice MK Ultra ran for 
youths at camp. After arriving at Robber’s Cave soon formed, One group even went so farasto ding Miaticnmante: 
State Park, Oklahoma, US,acohortofia-year-old destroy their rival's flag, inspiring an act of illegal drugs to many 
boys was divided into two groups. During the vengeance where the flag-destroyer’s cabin was unsuspecting civilians 
first week the groups were keptunawareofeach ransacked. Soon fist-fights broke out, and the 
other's existence, and the boys bonded with researchers had to pull the boys apart. 


Aversion therapy 
A brutal treatment plan that preyed on desperate, 
persecuted and coerced individuals 


Rate naem Vem le eee ds Rs which involved showing the patient erotic 
considered a disease is still well within images or videos of a homosexual nature 
living memory for many. A slew ot before inflicting them with pain or 

governments were eager to help ‘cure’ discomfort. In South Africa electrical shocks 
such an affliction and established were applied under the arms, but other 
centres rellant on unproven yet widely centres would give the patient sickness pills 
used procedures. The conscript so they'd vomit as they saw the images. 
military of apartheid South Africa was Si atem pe =e Eman = mel eee eco 
home to one of the most nefarious begin to apply feelings of pain and nausea to 


Ceti oe ere ay r | ; 4 treatment centres for homosexuals. those of sexual thoughts about members of 
Tele cmel ee stenes : / 
UU) A ee) may ges] mee egies 
and discomfort during} 
Ehie) eca(e) gees) a 


The main practice to convert patients their own sex, thus driving them into 


Comp aecteelteh ders] || Qt rcie= 1s] e108) amas es) ale heterosexuality, but success was rare. 








The nature 





nurture case stu 


One vulnerable family afforded an ambitious 
researcher his ideal subject to test gender roles 


Atjust eight months old, twins Bruce and Brian 
Reimer were admitted to hospital fora routine 
circumcision operation. However, the surgical 
equipment malfunctioned during Bruce's 
surgery and the child unfortunately lost most of 
his penis. Bruce's parents were dismayed until 
they saw Dr John Money on television. Money 
believed that gender roles were solely 
determined by how children were raised, and so 
together the Reimers decided that the young 
child would become Brenda. She was Money's 
ideal experiment. 

Money published the gender-switching case 
study when Brenda was nine years oldand 


claimed it was a massive success, but privately 
the child was having difficulty mixing with 
other girls. Her depression only worsened as she 
reached puberty and at 13 her parents took the 
step to tell her the truth. Brenda swiftly decided 
to become David, and would later have a penis 
constructed, pet married and act asa step-father 
to his wife's three children. However, a deeply 
disturbing childhood appeared to have deep 
roots, as after separating from his wife and 
losing his job David took his own life aged just 38. 


David Reimer underwent two gender switches 
throughout his life, although only one was his decision 
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The bystander 
lee ta a Catd I 


Sometimes the results of a study are 
just as dark as the experiment itself 


On 13 March 1964, a young woman named Kitty Genovese was stabbed 
to death as she walked home from work in Queens, New York. The brutal 
Meets meee) sean me lene ele) en (en mal sole el ere Nea ee e-em aaa 
screamed for help, but to no avail. lt was reported that 3/7 people heard 
her cries, but not one came to her rescue in time. Psychologists 
described this phenomenon as the bystander effect, a trait that means 
we're more likely to do nothing when part of a group. 

Social psychologists John Darley and Bibb Latané decided to conduct 
amb a lala pan ames] =e) eo) (p ee lea et ee aml | 
the bystander effect. They invited participants into a study under the 
guise that the goal was to discuss their college lives. The participants 
were physically isolated fram one another but would be placed in 
groups of various sizes to discuss the problem via audio. Unbeknownst 
to the test subjects, every member of the group aside from them was 
an actor, one of which would feign a severe epileptic fit during the 

it test. Disturbingly, the researchers observed the bystander effect in 
b full force. If the participant was in a one-on-one group with the 
m—_ < suffering actor, they would seek help nearly every time. But when 
h@imurder of Kitty Genovese 
ee vee oe ae they were part of a group, they would seek help less than one-third of 
. Wr eae apathy effect the time, instead leaving the supposed sufferer to their fate. 


work became a 


Milgram shock =... 
experiments ice 
Just how far can authority force us to go? 


Inthe wake of World WarlIl, members of the 
former Nazi Party were put on trial and 





Milgranmn’s 








to 450v. Ifthe teacher wavered on 
delivering the punishment, the 
authoritarian fizure of the experimenter 
was there to prompt them to continue. 
The role of teacher and student was 
supposedly randomly assigned between 
two Volunteers, butin reality it was rigged 
to place the genuine volunteer asthe 
teacher and an actor asthe student. The 
shocks themselves were also artificial, but 
the fake student was told to scream outin 
pretend agony following a shock. Despite 
protestations and signs of visible distress 
from the volunteers who reluctantly 
electrocuted the student, over half of them 
delivered what they believed to bea shock 
of 450v purely because they were under the 
instruction of a respected authority figure. 


defended their heinous actions by claiming that 
they were simply following orders. A little overa 
decade later one Yale psychologist named Dr 
Stanley Milgram became increasingly 
interested in the role of authority and obedience 
on morally questionable acts, and in july 1961 he 
began a series of experiments to see just how far 
obedience could go. 

His experiment involved three participants: a 
‘student’, ‘teacher’ and ‘experimenter’. The 
teacher's role was to ask the student questions 
based on memory and if he failed to answer 
correctly to apply an electric shockas 
punishment. The voltage would be increased 
incrementally from 15v, clearly labelled as safe, 
to 300v, Clearly labelled as dangerous, to beyond 
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devolved into anarchy 


Do positions of authority corrupt us? And how 
easily can our individual identities be stripped 
away? Questions such as these inspired one of 
the world’s most controversial psychologists, Dr 
Philip Zimbardo, to build a mock-up prison in 
the basement of Stanford University's 
psychology department building and populate it 
with young innocents, The Stanford Prison 
Experiment would randomly divide half of the 
18 volunteers into guards and the other halfinto 
prisoners, and over the following six days it 
would morph into one of the most absurd 
studies ever conducted. 

At the beginning of the experiment, the 
‘prisoners’ were arrested, stripped of their 
clothes and possessions and locked behind 
barred doors. The ‘guards’ were given a uniform 





The Stanford 
prison experiment 


A meticulously designed study that swiftly 


and minimal instructions, save 


that they were there to keep the 
The prisoners 


prisoners in check, It didn'ttake = 
were humiliated as 





long for some of the guards to Apne tea eee 
begin to relish their new roles. They ) the prison, being 
started blowing whistles in the Z SL 

; a Ate Sere 
middle of the night and soon escalated ete 


to making the prisoners do push-ups as 
punishment - sometimes witha guards’ 
boot planted on their back. 





The prisoners lashed back, staging a rebellion 


on the second day by piling their mattresses cleaning closet that was too small to sit in - for 
against the bars and refusing to leave. But once hours ata time. 
they had been subdued, the guards became Understandably, several of the prisoners 


worse: they removed the prisoners’ mattresses, suffered emotional breakdowns and had to be 

made them urinate and defecate inbucketsand — pamoved fromthestu dy, which was brought toa 

then locked them in ‘the hole’ -—a small, dark close after just six days. It was scheduled to last 
two weeks, but after Zimbardo’s girlfriend 
witnessed the experiment, she spoke out against 
its inhumanity. According to Zimbardo, 50 other 
witnesses had viewed the experiment prior to 
her and none had raised any objections. 


» 
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DAMAGE AND DISEASE 


THE PSYCHOPATR: 





It's estimated that one in every 100 people is a 
psychopath. Do you know how to spot one? 


he cold, callous and enigmatic 
psychopath is a mainstay of popular 


culture: appearing on page, stage and 
screen, it has thrilled and appalled audiences 
from biblical times to the modern day. Indeed, 
the term ‘psychopath’ has become so embedded 
in the popular imagination as to become cultural 
shorthand fora very particular kind of evil. The 
label is typically applied to people exhibiting 
socially deviant behaviours, often including 
violence, plus low inhibition and a lack of affect. 
But what does it mean to 
be called psychopathic? 


“The term typically 





psychopaths are not actually insane - they don't 
suffer from delusions or hallucinations and there 
are no psychotic breaks or cyclical bouts of 
mental ill-health. Instead, the psychopath is 
rational and sane and fullyin control of the 
choices they make. This makes the crimes of 
people like Ted Bundy and Fred West even more 
terrifying; they weren't victims of a terrible 
illness, divorced from reality; they chose to 
commit murder. That said, most law-abiding 
citizens are sickened by the idea of committing 
such horrific crimes: 
surely, the lament goes, 


And what can be done to ely os ‘one would have to be 

treat the condition? COM ; Bite eee, GeS crazy todo that’? 
Psychopathy isa f Timle : The debate as to 

personality disorder -the = BS, | Ue OCS “ whether the 

first to be identified, in ‘alma murderers psychopath is ‘mad or 


fact —and scientists have 
argued for decades over the precise parameters 
of the syndrome. The word itself literally means 
‘mental illness’ (from the Greek psykhe, meaning 
‘mind’, and pathos, which means ‘suffering '’}. 
This association with madness has coloured 
popular conceptions of psychopathy: the term 
typically conjures images of maniacs and 
murderers with mad, staring eyes. However, 
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bad’ continues to rage, 
and in large part the argument rests on the legal 
conception of insanity. Insanity determines 
whether a person can be held responsible in law 
for their actions, and experts are split as to the 
culpability of the psychopath. Their control and 
rationality suggest that they should be held 
responsible for their transgressions, yet they 
behave as they do because they were borna 


certain way. lf psychopathy isa biological 
disorder, cana person presenting with the 
syndrome really be deemed culpable for the 





crimes they commit? It’s a thorny issue, but 
what is clear is that psychopathy is largely 
untreatable; there is no cure or therapy that has 
been shown to be effective. While patients 
present as ‘sane’, clinical tests reveal that their 
brains work very differently to those of the 
broader population. 


THE ‘REPTILIAN BRAIN’ 
OF THE ‘SNAKES IN SUITS’ 
The forensic psychiatrist ] Reid Meloy has 
suggested that the “predatory aggression [that] is 
the hallmark ofthe psychopathic individual” 
indicates that they are functioning from the 
“reptilian brain”. According to the theory of the 
triune brain, which was developed by American 
neuroscientist Paul MacLean, the reptilian brain 
is primarily concerned with physical survival. It 
aoverns Vital functions such as heart rate, body 
temperature and breathing and is responsible 
for our fight or flight mechanism. 

The reptilian brain is further linked to 
territoriality and ritual and has a tendency 
towards rigidity and compulsive behaviours. 


In L967, Charles Manson, leader of 

The Manson Family cult, incited his 
followers to murder nine people 
‘including the actress Sharon Tate, 
who was eight months pregnant 


= 
*. 








Psychopaths can make excellent surgeons, as their 
lack of empathy means their clinical judgement is 
unlikely to be clouded by emeation 


Crucially, italso plays a significant role in 
establishing social dominance. Some clinicians 
believe that, in the psychopathic subject, this 
primitive brain takes precedence over the 
higher-functioning neocortex (human brain), 
which gives us reason, and the limbic system, or 
mammalian brain, which is responsible for 
emotion. Reptiles do not havea limbicsystem 
and, like the psychopath, therefore have no 
capacity for emotion or empathy. 

This lack of emotion is beneficial to the 
psychopath in many ways, allowing them to 
rationalise their behaviour and deny culpability 
for damaging actions. This is useful forthe 
criminal psychopath who can continue to satisfy 
their basest urges without fear of being crippled 
by guilt or remorse. It’s also useful for the other 
type of psychopath - the law abiding high- 
achiever, who can often be found operating at 
the highest levels of society. 

Researchers have estimated that around one 
per cent of the population is psychopathic. Ina 
city with 6 million inhabitants that could 
amount to around 80,000 psychopaths, although 
Dr Robert Hare, a leading expertin psychopathy, 
has suggested that in New York the figure might 
be closer to 100,000, At any one time, 
psychopaths make up 15 to 20 per cent of the 
prison population, and they also account for at 
least 7o per cent ofall violent repeat offenders as 
well asa significant majority of serial killers. 

However, most psychopaths won't offend and 
many of them occupy high-ranking professional 
roles as surgeons, CEQs, financiers, lawyers, 
politicians and police officers. Whether you are 
the leader of the free world, a world-class athlete 
ora general inthe army, the ability to make 
judgements unclouded by emotion or trample 
over others to achieve your broader goalsisa 
distinct advantage. A conservative estimate has 
put the number of psychopaths working at the 
stock exchange at four per cent, although Hare 
has sugeested that it could be as highasten per 
cent. He explains, “Psychopaths are social 
predators, and like all predators, they are 
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Serial killer Ted Bundy became emblematic of 
psychopathy, almost as notorious for his glib charm 
and narcissism as he was for the string of murders 
he committed between 1974 and 1978 


Diagnosis of psychopathy is often made via the Hare Psychopathy 
Checklist-Revised, or PCL-R, a criterion-based clinical rating system that 
measures deviant behaviours and personality traits. Introduced by 
Canadian forensic psychologist Dr Robert Hare in 1991, the rating scale is 
applied alongside a structured interview and case history information. This 
allows the clinician administering the test to build up a detailed picture of 
the individual and their offending behaviour. 

The PCL-R - measures the subject's ability to feel empathy for others and 
also takes into account characteristics such as poor behavioural controls 
and a need for stimulation, which can lead to criminal behaviour. According 
to Hare, psychopaths typically exhibit the following traits: 





Glib and superficial Impulsive 
Egocentric and grandiose Poor behaviour controls 
Lack of remorse or guilt Need for excitement 
Lack of empathy Lack of responsibility 
Deceitful and manipulative Early behaviour problems 
Shallow emotions Adult antisocial behaviour 


Hare's test is successful at identifying not only psychopathic traits but also a psychopath’'s risk of 
recidivism, or repeat offending; it is therefore a useful tool within forensic settings. However, diagnosis 
can only be made by registered clinicians, such as forensic psychologists or psychiatrists, who have 
access to the formal scoring manual. Do not attempt to diagnose yourself or others on the basis of the 
criteria listed above. Many people who are not psychopaths will present with symptoms such as 
glibness, impulsivity or early behavioural |ssues, but that doesn't mean that they're psychopaths. As 
Hare points out, “Psychopathy is a syndrome -a cluster of related symptoms.” 


Only a small percentage of 
psychapaths are dangerous 
criminals - many 
‘successful’ ones take 
high-ranking roles in finance, 
polities and medicine 
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Reptilian or * 
Primitive Brain 
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looking for feeding grounds. Wherever you get 
power, prestige and money, you will find them.” 
The high-risk, high-reward environment ofthe 
trading floors and financial markets are well 
suited to the psychopath’s unique skill-set, a fact 
that famously led Hare to quip, “If wasn't 
studying psychopaths in prison, I'd doitatthe 
stock exchange.” 

Even ‘successful psychopaths’, who Hare 
prefers to describe as “subcriminal” because of 
their unethical means of achieving success, are 
ditticult to live with and are almost always 
damaging to the people closest to them. An 
inability to form loving, equal relationships and 
a lack of concern about the emotions and needs 
of others mean that psychopaths make poor 
romantic partners. However, although the PCL-R 
signals a tendency towards promiscuity and 
multiple, short-lived marriages, some 
psychopaths do manage to remain marriedtoa 
single partner for significant periods of time. 
This may be for contingent reasons, suchas their 


Your Three Brains 











rNeocortex, 
cerebrum or 
Human Brain 


Dr Paul Maclean, a 
leading neuroscientist, 


Limbic a . developed the famous 
Ma a = triune brain theory, 
Brain” 


which helps us to 
understand the brain 
in terms of its 
evolutionary history 


physiological needs being met by their partner 

ora veneer of married respectability being 

necessary in their professional arena. Or it could 

be because their partner 

finds themselves unable 

to leave, Wherea 

psychopath indulges in 

violent, criminal and 

socially deviant 

behaviours, the 

potential for harm to the 

people around them is significantly increased. 
So, what can be done? Sadly, very little. The 

jury is out on what causes psychopathy: some 

studies suggest that it isa biological condition, 

others that environmental factors and a lack of 

nurturing ina child's earliest years playsa role. 

It’s likely that these often work in conjunction. 

Advances in brain imaging technology suggest 

that anomalies in brain structure and function, 

with poor connections between the frontal and 

limbic systems, should be the focus of current 





clinical enquiry. However, the science is inits 
infancy and not enough is known about 
Variations in non-psychopathic neuropathology 
for conclusions to be drawn, 

Another key problem is that psychopaths don't 
typically consider themselves to be in need of 
help. Their specific personality traits can often 
put them at an advantage in a dog-eat-dog world 
that prizes individualism. As Hare has observed, 
“They see nothing wrong with themselves, 
experience little personal distress, and find their 
behaviour rational, rewarding, and satisfyine... 
They perceive themselves as superior beings.” 

For these reasons, psychotherapeutic 
treatments have no positive effect, andin the 
absence of any illness, drug regimes also aren't 
possible. Worryingly, studies of prison 
populations have shown that forcing 
psychopaths to take part in talk therapy or 
empathy training actually makes their offending 
worse as they find better ways to manipulate 
and deceive the people around them. This can 
impact future victims or equip the psychopath 
with new methods for manipulating prison 
guards, parole officers and clinicians into 
believing that they have been reformed. 

Research has demonstrated that the only way 
to curb the worst excesses ofa psychopath's 
behaviour is to appeal to theirseltinterest. 
According to guidance issued by the UK 
Department of Justice, therapists should focus on 
helping psychopaths to develop the skills that 
will allow them to get what they want out of life 
ina “pro-social rather than anti-social way” and 
therefore keep out of prison. 

For those whose lives have been negatively 
impacted by psychopaths, the bleak clinical 
outlook will offer no comfort. In many cases, the 
best advice is to avoid becoming enmeshed with 
psychopaths in the first place, but given their 
ability to charm and manipulate even those in 

the field, this is neither 
helpful nor realistic. 
Hare does suggest some 
ways to reduce 
vulnerability, however, 
Firstly, knowledge is the 
best defence: 
understanding how 
psychopaths operate and understanding one’s 
own weaknesses can make it easier to recognise 
and resist their predatory advances. For those 
already affected, Hare advocates seeking 
professional clinical advice and support groups. 

Ultimately, Hare counsels that there is no 
point in entering into a power struggle witha 
psychopath as they are hardwired to gain 
physical and mental control over others. Better 
to cut your losses, recognise that you are not to 
blame and move on with your life. 
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Learn how tech nelogy ie 
harnessing the incredible power 
of the human brain 





Future of brain surgery 


Explore how brain surgery is 
set to advance 


The next steps for 
neuroscience 


Qur quest to reveal the brain’s 
secrets has al just begun 
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turning brain power into 
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Discover the ways science is hijacking our minds 
to communicate with machines 


Words by Scott Dutfield 


SAH OSMGUSTMO) RG SINLMecwiala Mim sele bese elelen (cp 
the brain dictates every aspect ofthe 
physical being and our mental ability. 
From the simple act of moving a limb to complex 
thought and defining our personalities, millions 
of electrical-conducting neurons act as 
microscopic messengers, sending instructions 
PVG PUS eR as ele eh MeL etm bese neni ches1 8) (mae 
hijack those messages and start sending a few of 
its own? 
Theoretically, by redirecting some of the 

Hse d mies PRcst aes Pres Ae ecr JNO TT MO deem A gn eel trod Bl 
pieces of technology, scientists are able to use 
brain power to control machines, This 
technique of hacking the brain has been 


realised with the creation of the brain-computer 
interface (BCI). Typically split into three 
categories, BCIs facilitate the communication 
oLc1A sist MOR mS) ec PLURCEN eee mAIts Man TE Lee 

The first method of creating a BCI involves the 
use of invasive measures. Thisis where 
electrodes are surgically implanted within the 
brain's cortex and then monitorthe activity of 
billions of neurons in the brain-around 86 
billion to be precise. 

The electrical data collected can then be 
transmitted through sensors and triggera 
response by linked machinery. This method, 
however, is dangerous and can come with 
several side-effects. 





Ditching the scalpel for high-tech headgear 
has made waves as a non-invasive way to 


mechanically interpret brain signals. Known as 


electroencephalography (EEG), to map the 
brain's activity a bald cap is placed on the head, 
which is speckled with electrodes. Each one 
monitors the changes in 
voltage between 
neurons inthe brain. 
However, using EEG 
comes witha certain 
level of difficulty. Unlike 
the more invasive 
measures, an EEG has 
to pick up signals 
beneath the skull, 
which can actasan 
electrical barrier, Almost like looking through 
frosted glass, EEPs can see there is something 
on the other side, but the image isn’tsharp 
enough to decipher exactly what the image is. 
This is how the majority of EEGs are currently 
operating —they are able to distinguish the 


CXOCctTI 


location of brain activity and neuron excitation 
but can struggle to fully interpret it. 
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“EEPs can see there 
Is something on the 
other side, but the 
Image isn't sharp 
ore to decipher 

what it is” 


Compromising between both invasive and 
non-invasive approaches, a semi-invasion 
approach is also being used to combat the 
paralysing effects of patients with spinal cord 
injuries. Known as electrocorticography (ECoG), 
a prid of electrodes is placed beneath the skull 
on the brain’s surface, 
with an external 
coupling onthe 
patient’s head. This 
enables scientists to 
connect directly with 
the electrode grid and 
rely on neurological 
information provided 
in real-time. 

Hijacking the brainin 
this way to create these brain-to-computer 
interfaces is nota new concept and has beenin 
development since the 1970s at the University of 
California. Early attempts to use this emerging 
technology focused onits medical capabilities, 
in particular the creation of neuroprosthetics. 
During the technology's conception-—and 
indeed, still to this day— prosthetics are 
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restricted in their ability to fully replicate lost or 
paralysed limbs. However, imagine ifthere was 
away to replace or repairthe connections 
between the brainand damaged areas of the 
body. This is where neuroprosthetics can 
revolutionise recovery through BCIs. Still inits 
relative infancy as a branch of medical 
engineering, today’s technology has seen some 
of the first neuroprosthetics put into practice. 
Using implanted electrodes, scientists have been 
able to collect the neurological activity 





Penne ai cae ete | ) through electrical cables to sensors on the skin. 


seribeeriieen reiate Wy 7 a = Inturn, the electrical signals reach their 
in different regions of the oral Be | 


destination, delivering the message to move. 
While the existing technology is still primitive, it 
has yielded some great results to date and 
suggests a promising future for neuroprosthetics 
and the treatment of paralysed patients. 

The creation of prosthetics has not been the 
only way in which BCls can further medical 
advancements. One area of medicine seeing 
excellent treatment results with the aid of brain 
technology are those suffering from neurological 


=. 


conditions such as Parkinson’s disease and 
epilepsy. The predominant symptom of epilepsy 
is the occurrence of seizures. These physical 

WN convulsions are the result of naturally 

. | . | unmanaged electrical activity by nervesinthe 

4 e\ brain. Over the years, scientists have created a 

' device known asa neurostimulator to act asa 
voice of reason for these unruly neurons and to 
prevent the development ofa seizure. 

First using a non-invasive BCI cap, external 
electrodes are able to locate the site of neuron 
excitation prior to a seizure, almost like a brain 
brain. Using a BCI, these patterns are then GPS. Once the final destination is identified, 
decoded and translatedintoanelectricalsignal = jnyasive measuresare taken to place small 
to command an artificial limb, In cases where electrodes at the site, These electrodes are 
attached by tiny conductive cables to a small 
stimulator device, which can be placed on top of 
the skull, beneath the scalp or extended down to 
the chest. Continually monitoring the activity in 
that area, the neurostimulator will detect when 
the neuron activity begins to show signs ofa 
seizure and deliver its own electrical impulse 
along the cables and through the electrodes to 





associated with particular actions of the body, 
for example raising anarm. This collected 
information is the electrical firing patterns 
between nerves, sending signals to and fromthe 


patients are missing a limb, the BCI simply 
completes the communication from the brain to 
a now-mechanical limb. 

Asimilar approach can be applied to those 
with paralysed limbs. Developed as a biological 
bridge between brain and body, neural bypass 
technology is currently being researched to send 
brain commands digitally outside the body, 
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Ss THE FUTURE OF THE HUMAN BRAIN 
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The neurostimulator works ina similar way asa 
traditional heart pacemaker, only for the brain. 
Commonly known as electroceuticals, 
researchers have also created wearable devices 
to treat similar neurological conditions, even 
Lats) tA} ONST UNMET Aone] 8 ler) Aree) (ele) ea Lead 
messengers, each of the billions of neurons firing 
EVM MURR eb mele le esate merit melee celt ee CeR et Be m 6) 
the organs and tissue in our bodies. By 
artificially stimulating parts of the brain, 
wearable tech developers, such as Modius, have 
created sleek EEG headsets to trick the brain into 
aac UT MEO GaP CGN) OR es TMA Otc CRIW MOOI EMO OLA AO) OPE pel 
the case of the Modius headset, electrodes are 
placed behind the ears 
PCO MM UAL ee Meher [ee 
Mees lent Vat eet a8 
subtle electrical 
impulses past the skin 
TUATHA dM erm OL bNtaE 
nerve. Once artificially 
excited, this nerve in 
AUR GOMEp- NORCO EIORININT Echt 
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Called the hypothalamus, While having multiple 
roles to play inthe human body, the 
hypothalamus also affects our rate of 
metabolism. By sending electrical ‘fake news’, 
the Modius headset claims to continually 
stimulate the hypothalamus, increasing 
AiTsoEs ISO ORIOCE) SLOG USUI B Celt C@nar Mellel a rcl 
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understand how our brains work, devices are 
also being developed to expand our capabilities 
across several industries. Atsome point as 
OU etestemen el me pleCst sobs tes ledte  eceem Smee a ura bts 
wanted to possess the powers of our favourite 
cit} eL Simei Ae ree ae) TU MM iL ees |S) ONA ROR IAAO) me mn) nate 
instantly invisible, BCls are opening the doors to 
obtain one such power: the ability to move 
things with our minds. Using EEG technoloey, 


By activating 
the vestibular 
nerve in the 
neck, the 
Modius headset 
reportedly 
Increases your y 
metabolism 
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several Silicon Valley start-ups are beginning to 
eA re ce Na Lom teas MOURA eam elect) 8) UNA acme) 
technological telekinesis. 

Leading the race in commercial EEGis 
EMOTIV, a San Francisco-based company that 
has developed a wearable headset to access your 
brain power. With only afew sensors, EMOTIV’s 
headset requires the user to first imagine 
MACUL DAT ee Ors PO Mie) Mae ten NP Ol ome WOOD Dem eL a) Nee 10 ROB Te 
electrodes record the patterns of neuronal 
ELMO A MORSE ee Tee Vat es Bete be eee ee 
accompanying software will drive a remote ball 
when the same pattern is activated again, 
allowing you to simply think about moving the 
balland it will begin to roll away. This simple yet 
effective concept is now enabling the 

development of more 
complex systems of 
EEG-driven technology. 
The United States has 
taken note ofits future 
potential in combat. 
The US Defense 
Advanced Research 
Projects Agency 
LO eed ats Ee eek sci Car8 mo 
several research projects dedicated to 
Cals) e)par ae Rey miele TRO e Peed eau ine 
However, the technology is also paving the way 
for mind-controlled military equipment, suchas 
drones. Trialling the technology back in 2017, 
DARPA reportedly succeeded in flying drones in 
a simulation using BCI technology - think left 
and the drone would follow suit. This concept of 
SECO UmON GMO Meh MOE LENS mes bI ROL) OUD 
many Kickstarter campaigns, but thus far these 
have enjoyed limited success, 

Social media giant Facebook is also trying its 
hand at using our brains to further expand the 
ability of social media. Sharing our thoughts and 
feelings online has quickly become the normin 
today’s social media-driven society, but what if 
deter -MATS LPT LEcM Mele OM elm atge eR THOR nim Cen eet 
aM slee el a(t VM IAN Ce Oia smn TAO LET sm Rate ey 
Announced back in 2017 as one of Facebook's 
future goals, Mark Zuckerberg and his research 
and development team are developing a BCI 
Rem BPO e MANU eseime le) cn UtiMeler: lan tena ats 
at1o00 words per minute, five-times faster than 
traditional tapping on ascreen. Initially 
engineered to help paralysed users access the 
online platform, the goalis to make the 
technology accessible to everyone. 

Quick typing isn'tall that Zuckerberg sees as 
Facebook's future in brain technology—healso 
MPSA RMS) CNC ceB IRAs Leen ercsaiy a aarean alg eels 
PAPRRPE IMac AiR ee RONAdLel eh em el SLecimeseNaNat Tes 


through virtual and augmented reality is quickly 


becoming the new norm, andinaspeech to 
Harvard students earlier this year, Zuckerberg 











TOG bot OMe na elena 
BCI, scientists can create an 
artificial pathway to connect 
the brain with robotic limbs 


e)ReMisesr@ MOU isM iets MAU MAUI Res MbN Te) taTy 
could one day provide a way to navigate through 
social media. One of the major obstacles 
Pete =1 belt eer TOMS else ETO MO)I TIT =ee ts) Ruin ae tes 
into BCI - faces are the ethical implications of 
electronically accessing the human brain. Ina 
world constantly monitored by technology, from 
smartphone GPS to targeted advertising, BCI 
technology comes with new concerns about 
GM TMG em @RMOlePNOPIO ei hes ta Ccee- Patel aT 
neuroscientists that the technology to spy on 
people’s minds is far out of reach, continued 
success in BCI technology could one day seea 

Ol MCOM Re CiTNMNE Mee MOMOO MI Vi ise eee Cedlel ee 


7 - 
Navigating 

rT 
the brain 
Scientists are working on a way to 
turn the brain into a neural roadmap 


OT ae stele lm) mam ele ee ale pea) ola be po 
continually growing, allowing scientists to 
expand technological advancements. Even so, 
vB M eed me ere LOM A alee eee mle 
comes to completely mapping the brain. 

Brain technology, such as BCls, offers a 

The EMOTIV neural headset window into the regions of the brain that 
allows wearers to contral become excited during different bodily 

the movement of a robotic functions and even can even relate that 
ball using only their thoughts STAR COM ecole cle mee itch pica oda (| 
game for many neurologists and researchers 
alike is to produce the first complete map of 
Gat=mel G uel ge) ele ame mele ec 
connections in our brains. 

SUE e nee b meee tats ea ed] ia) eM Lee ercti CT cd 
around the world are researching ways to map 
these neural connections to form a final image 
called the connectome. The theoretical model 
would act as a Google Maps for the brain, 
Zooming into Street View on a single neural 
connection. If ever constructed, the 
connectome would revolutionise the 
accessibility of Brain technologies by 
presenting exact locations for every aspect of 
elem elelecce lat ANB eLe tele Me te Manna ele =a 

There is one problem though: there are over 
100 trillion of these cellular connections in the 
Ae LNre ams A eg) geet ee ees) 
extremely thin sections of a brain and scan 
them via electron microscopes. This process is 
extremely time-consuming, and in order to 
fully map a human brain it would take a fleet of 
matap Od EO] eae Tole) a ters Eee ge] pare Eee | 
researchers decades to produce a final image. 








If possible, the 
connectome will 
reveal a complete 
roadmap of the : 
connections , 119 
within our brains 
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Horizontal 
its [thy eh ae 


| Ua eee plat teen oa elem ets 
a containing a healthy brain seen in horizontz 
view, The two eyeballs can be seen on the fa 
hich ie the 


left, between which 15 the nasal cavity. 









The ancient Egyptians ds. 
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How the surgeon of the future will perform brain st 


ihe accolade of the father of modern brain surgery is 

given to American Harvey Cushing, butits origins can 

be traced back as far as 6500 BCE. Asmall hole would 
be cutinto the skullin a procedure known as trephining, and 
it’s thought that brain surgery is the oldest type of surgery. 
Through the years we have seen the development of 
anaesthetics, antibiotics, blood transfusions and X-rays; ifwe 
continue with the progress that we are making, we could 
revolutionise brain surgery. 

Brain surgery involves using manual hand drills to make 
holes in the skull. This isa long and complicated process, 
exposing the patient to a high risk of infection, but technology 
and software promise to transform this within the next 20 
years. Arobotic drill could cut downatwo-hour procedure to 
just 2.5 minutes - some 50-times faster. Or perhaps there will 
bea ‘smart needle’ that has a camera the size of a human hair, 
allowing surgeons to see a patient's blood vessels while 
reducing the risk ofinjury and bleeding. 

Advances in software also hope to make brain surgery 
much safer and easier. 30 per cent of people with epilepsy 
don’t respond to medication, and the procedure to find which 
part of the brain to remove is challenging and dangerous. 
Enter EpiNav, or epilepsy navigation, a pioneering piece of 
soitware that creates a three-dimensional map ofa patient's 
brain, This can be used to help surgeons plan complex brain 
surgery and can guide surgeons in real time. 

Given the recent rise inimmersive technologies in both the 
consumer and business markets, perhaps they'll soon be 
seen ina hospital near you. Augmented reality -where the 
digital and real worlds combine - would allow surgeons to 
rehearse surgery, and in theatre they'll be able toseean 
image from inside the person's brain floating above them. The 
hope is that these technologies will make surgery safer and 
less invasive. 
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Humans can 
survive without 
» half of their brain 

































































oT K rain 
surgery 


From removing 
half of the brain 
to implanting 
wires, discover 
the ways that 
surgeons perform 
brain surgery 


Neuroendoscopy 

This isasmall, telescope-like 
device that allows forthe 
removal ofa tumour through 
the nose, mouth orsmall hole in 
theskullandis able to access 
parts of the brain that 
otherwise would be too difficult 
or dangerous via traditional 
brain surgery methods. 


Deep brain stimulation 
This surgery involves 
implanting thin metal wires in 
the brain. These wires send 
electric impulses to the brain, 
which can help to control 
problems with movement 
associated with the progressive 
neurological disorder 
Parkinson's disease. 


Craniotomy 

This is the most common type af 
surgery for brain tumoursand 
Involves a surgeon cuttingan 
area of bone from the skull, 
which exposes the brain, Scans 
taken before the surgery and a 
neuronavigation system guide 
the surgeon to the location of 
the (uumour, 


Awake craniotomy 

In cases of epilepsy or tumours 
that are close to.a part of the 
brain that controlsan 
important function suchas 
movement, the surgeon will 
communicate with the patient 
to ensure that minimal, ifany, 
functions are harmed. The 


Hemispherectomy 
This rare surgical procedure 
removes half of the brain and 
can be used to treat children 
; | with severe epilepsy. The 
Deep brain | remaining side ofthe brain 
ede geil get eta) get stimulation was should beable to do everything 
may use augmented cL iatele my | that the lost hemisphere was 
reality to plan Alim Benabid in i | responsible for -an ability 
surgical procedures the 1980s known as neuroplasticity. 
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Despite how much we know about the brain, there 
is still much more to uncover 


Words by Baljeet Panesar 
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= * uring the Neolithic period, our ancient 
ancestors practised a primitive form of 
a brain surgery knownastrepanning, 
possibly practising their skills on cows. The 
ancient Egyptians thought that the heart, not 
the brain, was the source of human emotions 
and intelligence, but they came to recognise that 
injury or damage to one side of the brain could 
paralyse limbs on the opposite side of the body, 
as illustrated inthe Edwin Smith papyrus, one 
of the oldest medical texts in the world. 
Neuroscience was born roughly 2,500 years 
ago when Greek physician Hippocrates began to 
study the brain, an undertaking that led him to 
deduce that the brain was responsible for 
emotion, thought, sensations and cognition. 
The father of medicine was later followed by 
the leading physician in the Roman Empire, 
Aelius Galenus, a man more commonly known 
as Galen who worked to confirm that the brain 
does indeed control thoughts and sensations. 
For 15 centuries after his death, Galen’s influence 
reigned over the medical field, although many of 
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Da Vinci imagines the theory held in the Middle Ages 
- the brain has three ‘ventricles’ c. 1489 
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his theories were later disproved. But the 
Mediterranean did not have a monopoly on 
uncovering the secrets of the brain. 

Inthe medieval Islamic world scholars 
developed the theories of the Greeks and 
Romans, translating Greek, Persian and 
Sanskrit textinto Arabic, providing the 
foundation for Western medicine for centuries. 

With the groundwork laid in the East, 
progress continued to be made in Europe. 
During the 16th century Leonardo da Vinci 
described experiments on the brain's anatomy, 
Jacopo Berengario da Carpi wrote the first book 
on head injuries, and Andreas Vesalius 
identified some of the brain’s and nervous 
system's structural characteristics, to name just 
afew milestones that were reached. 

While these important steps would make 
future progress possible, the origins of modern 
neurosurgery lie with Harvey Cushing, who 
performed the first brain surgery in 1902 and 
developed various surgical techniques for 
operating on the brain. He reduced the mortality 
rate of surgical brain procedures from roughly 
50 per cent to less than ten per cent. Since his 
deathin 1939 developments in technology and 
diagnostic methods have revolutionised 
neuroscience as we know it. 

However, despite the progress that has been 
made in recent decades, there isstill muchto 
learnand understand. There are over 1,000 
disorders of the brain, of whicha significant 
number can't be cured yet and have minimal 
treatment options. Researchers are trying to 
determine new ways of treating or even entirely 
preventing some of these debilitating disorders, 
and given the growing ageing population 
worldwide, it’s estimated that 
neurodegenerative disorders will more than 
double by 2050 - they already affect tens of 
millions of people. 

Neurodegenerative disorders suchas 
Parkinson's disease, Huntington's disease and 
motor neurone disease are caused by damage to 

and/or the death of nerve cells (neurones), 


Scientists have been 
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which are the building blocks of the brain that 
transmit messages from the brain to the body. 
This results in difficulties with movement, 
muscle weakness and eventually paralysis. 
Thankfully, medicine is always advancing. 

One promising area of research is stem cell 
therapy, where damaged or dying nervous tissue 
could be repaired by transplanting stem cells. 
These experiments were first performed roughly 
30 years ago when foetal brain tissue known as 
mesencephalic tissue was transplanted into 
patients with Parkinson’s disease, Stem cells 
have the unique ability of being able to develop 
into any specialised cell type inthe body, from 
brain cells toskin cells, and in animal 
experiments and pre-clinical studies induced 
pluripotent stem cells have been shown to 
improve motor function -the movements and 
actions of the muscles. 

Each condition has an individual, complicated 
neurone loss mechanism, and itis this 
individuality that makes finding effective 
treatments a long and difficult process. Itis 
hoped that with further understanding of stem 
cells and disorders, stem cell therapies could be 
available to help with not just neurodegenerative 
disorders but also post-stroke therapy and 
traumatic brain injuries. 

In 2016, scientists at UCLA created a new 
stroke-healing gel that helped mice to regrow 
neurons and blood vessels that had been 
damaged by strokes. Unlike other organs in our 
bodies, such as the liver, the brain has a limited 
potential for recovery and regeneration, but this 
study suggested that the brain can recover. 

The scientists injected the gel into areas of the 
brain that had been damaged, and after 16 
weeks the brain tissue, including neuronal 


connections, contained regenerated tissue—a 
development that marked the first time that this 
result had ever been seen. Itis hoped that this 
type of approach may one day be used on 
humans recovering froma stroke. 
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In recent years, the idea of using wireless, 
microscopic motes’, known as neural dust, has 
been an area of great interest to researchers. 
Scientists first made these devices in 2016 atthe 
University of California Berkeley, and in 
experiments in rats they found that the motes 
could record and transmit electrical data when 
they were implanted ina leg’s nerve and muscle 
fibres. Scientists want to reduce the size of motes 
from roughly one millimetre wide to 50 
micrometres wide —halfthe thickness ofa 
human hair, allowing it to stayin the body for 
longer than current technology allows. 

Although this experiment was not completed 
on the brain, researchers hope thatin the future 
it could be a form of electroceuticals to treat 
brain and body disorders, lead to advanced 
prosthetics and robotics, and communicate with 
nodes around the body to report on tumours, 

We are told that neurones communicate with 
each other via synapses and that they do so by 
using chemicals known as neurotransmitters 
that are able to pass between two neurones - 
and thisis true for many types of neurones in the 
brain. However, scientists do not yet fully 
understand how other signalling molecules 
communicate or behave when influenced by 
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“Scientists injected a healing gel into parts of the mice’s 





brains that had been damaged by a stroke. After 16 
weeks they contained regenerated tissue. It’s hoped 
this approach may one day be used on humans” 


neurological medicines. But things could be set 
to change. 

A five-year project known as [ARPA MICrONS is 
attempting to create the largest ever ‘roadmap 
of neural connections ina cubic millimetre of 
brain tissue - the largest ever section of brain to 
be studied in this way to date. Once this project 
is complete, it will revolutionise our 
understanding of how the brain processes 
information and could improve our knowledge 
of brain diseases and disorders. 

The brain's neurones and glial cells (the brain 
cells that protect neurones) make up the grey 
matter of the brain together with white matter, 
brain tissue and axons. But neuroscientists do 
not know all the different types of neurones and 
other brain cells or how they work. For 
researchers to make a complete list of the types 
of brain cells they will need to identify which 
cells die, mutate or change in diseases inthe 


brain. Once determined, cell-specific therapies 
or treatments for epilepsy and degenerative 
conditions could be developed, But this is no 
easy feat. 

Arguably the most difficult question is what is 
consciousness? From sweet mint chocolate ice 
cream and the happiness it brings, to your 
thoughts and memories, consciousness is the 
ability to experience the world. In the last couple 
of decades, researchers have searched for 
specific neurones that are linked to 
consciousness. Scientists use the term ‘neural 
correlates of consciousness’ to describe the 
minimum amount of brain activity needed for 
consciousness, but this doesn't explain what 
consciousness is, which David Chalmer calls the 
“hard problem" of consciousness. 

The field of neuroscience is more complicated 
and dynamic than we could imagine; scientists 
are constantly making new discoveries and 


developing previous theories. Itis this 
generation of brain science that hopes to uncover 
the secrets of this ‘machine’, which could help 
develop new medication, imaging techniques 
and treatments for those with brain diseases 
and disorders, or even possibly prevent them in 
the first place. 

The brain is without doubt evolution's greatest 
achievement, and thanks to advancements in 
technology we have learnt more than 
neuroscientists in previous decades could ever 
have dared to imagine. If we continue at the 
same rate of progress, who knows where our 
desire to study the brain could lead. 

Ifscience continues to unearth the brain's 
many secrets a new dawn of medical progress 
will become an exciting reality, a world in which 
the brain's awesome capacity is fully understood 
and some of the most devastating diseases that 
can afflict it become a thing of the past. 
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EVERYTHING YOU EVER WANTED IO 
KNOW ABOUT THE HUMAN BODY! 


Baffled by the human brain? Eager to learn about the lungs? Inside The 
Human Body will answer all the questions you've wanted to ask about 
how the wonder that is the human body functions. 
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What exactly does the human brain do? How did it evolve? 
Why do we dream? How do we store memories? Find the 
answers to all these questions and more inside this book 
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BRAIN BIOLOGY CONSCIOUSNESS 


Wander the neural passageways that Wiis la Calne eMC - Taki mn are 
comprise the human brain consciousness is and why it’s studied 
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